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STRUCTURE AND COMPOSITION OF
GINN WOODS, AN OLD-GROWTH

FOREST IN EAST-CENTRAL INDIANA

Kemuel S. Badger', Donald G. Ruch, Ashleigh Schoultz,

John E. Taylor, and Bobette E. Jones

Biology Department

Ball State University

Muncie, Indiana 47306

ABSTRACT: The structure and composition of Ginn Woods, a deciduous

forest community in east-central Indiana, was examined, and its status as an

old-growth stand was evaluated. Woody stems > 10 cm dbh were sampled

using the point-centered quarter method. Woody stems < 10 cm dbh and at

least 2 m tall were sampled using 0.01 ha circular plots. Data were collected

from three areas having some differences in land-use history and soil mois-

ture regimes. Shade-tolerant species dominate the understory and overstory.

Acer saccharum has the highest overstory density, understory density, and

total basal area of any species in all but the most poorly drained areas. Fagus

grandifolia or Tilia americana rank second in most of these categories. Sub-

dominant species at the site include: Aesculus glabra, Celtis occidentalism

Fraxinus americana, Prunus serotina, Quercus rubra, and Ulmus rubra. Acer

saccharinum, Acer rubrum, Carya laciniosa, Fraxinus pennsylvanica, Pla-

tanus occidentalis, and Populus deltoides are prominent in localized areas,

where soil drainage is the poorest. Canopy recruitment reflects a history of

natural windthrows with minimal impact from human activities. Shade tol-

erant dominants show a descending monotonic size-class distribution that is

typical of uneven-aged stands that are replacing themselves. Shade-intolerant

species show little or no recruitment, and their importance should continue to

decease. Across the site, total canopy stem density (dbh > 10 cm) ranged from

282 to 339 stems/ha, and basal area ranged from 36 to 39 m'/ha. These data

indicate that Ginn Woods is an old-growth forest. This 61 -ha forest ranks as

the second largest old-growth forest in Indiana.

KEYWORDS: Indiana, old-growth, beech-maple forest, plant community,

succession.

INTRODUCTION

A variety of definitions and criteria have been used to distinguish old-growth

forests from less mature successional stands. Most definitions of old-growth for-

est are based on tree age, lack of human disturbance, forest community struc-

ture, and successional stage of the forest. No consensus exists on old-growth

criteria based on tree age and degree of anthropogenic disturbance. Old-growth

forests are more readily defined by community structural characteristics. On this

basis, old-growth forests are generally dominated by old trees, contain a con-

' Author of correspondence: Kemuel S. Badger: kbadger@bsu.edu (e-mail), 765-285-8804 (Fax), or 765-285-

8828 (phone).
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siderable amount of dead woody biomass, have multiple growth layers, have

large trees for the growing conditions, have well-developed herbaceous layers,

have a mosaic of variable-sized canopy gaps, and are dominated by late suc-

cessional species (Leverett, 1996).

Strict quantitative criteria are difficult to use to define old-growth forests

due to the variable effects of regional climate, local site conditions, and distur-

bance regime on community composition and structure. Typically, the criteria

in a particular region are based on a variety of quantitative and qualitative for-

est parameters that combine functional, structural, and historical attributes.

The criteria for identifying old-growth mesophytic forests in Indiana and the sur-

rounding states have been summarized by Parker (1989) and Martin (1992). Their

criteria can be used to evaluate beech-maple forests, but a lower diversity of

canopy species should be expected for beech-maple forests than for other mes-

ophytic forests in the region (Runkel, 1996).

Ginn Woods is one of the largest remaining tracts of old-growth forest in

east-central Indiana (McClain, 1985; Ruch, etal, 2000). However, Ginn Woods
has not been included in studies of the old-growth forests of Indiana (Parker,

1989; Brothers, 1993; Spetich, etal, 1997). No quantitative studies of the woody

plant community in Ginn Woods have been published. In contrast, the Davis-

Purdue Research Forest, located only about 45 km from Ginn Woods, has been

the subject of several published studies (Parker and Leopold, 1983; Parker, et

al, 1985; Parker and Sherwood, 1986; Parker and Ward, 1987; Ward and Park-

er, 1989; Spetich and Parker, 1998). After a brief visit, Lindsey, et al (1969)

rated Ginn Woods as a high quality educational resource, but they did not rec-

ognize it as an old-growth forest. In this paper, we describe the distribution and

abundance of woody plants within Ginn Woods and evaluate its status as an old-

growth forest.

STUDY SITE

Ginn Woods is a 65-ha tract of woodland owned by Ball State University

and managed by the Department of Biology. The site is located approximately

25 km north of Muncie, Indiana (SW'A, Sec. 18, and NW'A, Sec. 19, T22N,

RIOE; Figure 1). Ginn Woods consists of three separately purchased tracts of

land. The tract originally known as Ginn's Woods was purchased by John Ginn

in 1832 as a United States Land Grant shortly after Delaware County was first

settled. The woods remained in the Ginn family until its purchase by Ball State

University in 1971. The portion of the original tract known as North Woods
(approximately 25 ha) had a slighdy different disturbance history from South

Woods (approximately 20 ha). According to the Ginn family. North Woods (Fig-

ure 1 ) has been neither grazed nor burned and has not been logged since its acqui-

sition. South Woods was not grazed but has been moderately disturbed. In 1924,

some timber was removed for the construction of a house. In addition, a few

white oaks were cut by a stave mill company, but, for some unknown reason, the

logs were not removed. Ginn's Woods was designated a classified forest in Decem-
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Figure 1. Map of Ginn Woods and the location of Ginn Woods in Delaware County,

Indiana.

ber 1929. The State Forester at that time, Charles C. Deam, stated on the appli-

cation form that the woods had no indication of insect or disease damage and no

anthropogenic disturbance. Deam stated that Ginn's Woods was a virgin forest

(McClain, 1985).

Ball State University purchased two other tracts of land shortly after the

acquisition of the original Ginn's Woods. Nixon Woods (approximately 16 ha;

Figure 1), which abuts the southern end of South Woods, was acquired in

1974. No record of past use has been found for Nixon Woods. However, in the

1971 proposal to purchase this tract, Nixon Woods was reported to have larger

trees than those found in Ginn's Woods and little evidence of human disturbance

(McClain, 1985). The evidence of fencing around Nixon Woods, which is absent

from the rest of the study area, suggests that grazing may have occurred in Nixon

Woods at some time. The third and final tract purchased was the Wesley Addi-

tion or Wesley Wet Area (Figure 1; Ruch, et aL, 2000). This 4-ha former agri-

cultural field was purchased to preserve the integrity of North Woods. These four

tracts are now known collectively as Ginn Woods. Ginn Woods is managed as

a research natural area.

Ginn Woods lies in the Bluffton Till Plain Section of the Central Till Plain

Natural Region, an area formerly covered by an extensive beech-maple forest

(Homoya, et aL, 1985). The soils in Ginn Woods are derived from glacial par-

ent material and vary from somewhat poorly drained to very poorly drained soils

(Huffman, 1972). McClain (1985), who studied the soils in North Woods, described

the dominant soils as Blount (Aerie Ochraqualfs, fine, illitic, mesic), Glynwood

(Aquic Hapludalfs, fine, illitic, mesic), and Lenawee Soils (Mollic Haplaquepts,

fine, illitic, mesic). These soils comprise approximately 80%, 15%, and 5% of

the study site, respectively. The poor internal drainage of these soils results in a
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seasonally high water table of less than 40 cm for most of the study area (McClain,

1985). Seasonal ponding typically occurs on the low-lying portions of the Blount

Soils through early spring and on the Lenawee Soils through mid-summer.

MATERIALS AND METHODS
Overstory. The point-centered quarter method was used to sample the over-

story trees (Cottam and Curtis, 1956). Systematic sampling was used to insure

uniform coverage of the woods, excluding the Wesley Wet Area (Figure 1). Tran-

sects were spaced at 50 m intervals and oriented from west to east. Sample points

were located at 25 m intervals along the transects, and sampling began 25 m in

from the edge. At each sample point, four quarters were defined using the direc-

tion of the measuring tape and an imaginary line extending perpendicular to

the tape at each samphng point. In each quarter, the stem closest to the sampling

point that was greater than or equal to 10 cm dbh (diameter at breast height, 1.4

m from the ground) was identified, and its dbh (to the nearest 0. 1 cm) and dis-

tance from the sampling point (to the nearest 0. 1 m) were recorded.

These data were summarized to obtain information on the woods' compo-

sition and structure. Stem density per hectare, basal area (dominance) per hectare,

and frequency per hectare were calculated for each species along each transect

(Cottam and Curtis, 1956). Our initial analysis of the data from the individual

transects indicated that species' composition and structure were very homoge-

neous within each area of Ginn Woods (Schoultz, 1997). Therefore, the transect

data were combined to give an overall value for each section of Ginn Woods.

Species' importance values were calculated as the average of the sum the rela-

tive dominance, relative frequency, and relative density in each area of Ginn

Woods (Barbour, et. al, 1987).

Stem density was calculated for the 5 most dominant species (based on impor-

tance value) in each section of Ginn Woods. Size-class densities of the remain-

ing species were summed. The size-class distributions were used to infer whether

or not a particular species was replacing itself. A species that is reproducing vig-

orously will often have a high density in its smaller size classes (Ziegler,

1995). Our size-class distributions were compared to the three basic size-struc-

ture curves: descending monotonic, multimodal, and decreaser (Leak, 1964;

Lorimer, 1985; Whipple and Dix, 1979; Ziegler, 1995). A descending monoto-

nic curve, which has a higher density in the smaller size classes and a decrease

in density with an increase in diameter, is typical of uneven-aged stands that are

replacing themselves. A multimodal curve identifies a species that reproduces

in pulses separated by periods of low/no reproduction. The decreaser curve is

similar to the descending monotonic curve except that few to no stems are

present in the smaller size classes due to the low recruitment rate of the

species.

Understory. One hundred and fifty 0.01 ha circular plots (radius = 5.64 m)

were randomly located along the transects. Fifty plots were located within each

of the three regions of Ginn Woods. Within the circular plots, the number of
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woody stems of each species was recorded. The saplings were divided into two

size classes; size class 1 contained woody plants ^ 2 meters in height and < 5

cm dbh; and size class 2 contained woody plants 2 ^ meters in height with a

dbh ^ 5cm but < 10 cm. Understory plots were categorized as either occurring

in gaps or under a closed canopy. Plots were considered to be in canopy gaps

when ^ 50% of the plot was under a canopy gap. Canopy gaps were defined as

openings in the canopy created by the death of canopy species.

Nomenclature for all species follows Gleason and Cronquist (1991) with

two exceptions. Due to the presence of several individuals exhibidng interme-

diate traits, Acer nigrum and Acer saccharum were lumped together as Acer sac-

charum. Since Quercus shumardii and Quercus rubra could not distinguished

from each other on some of the transects, they were lumped together as Quer-

cus rubra throughout the site.

RESULTS

Overstory. A total of 28 overstory species (dbh ^ 10 cm) were recorded

in this study (Table 1) at 142, 85, and 67 sample points in North, South, and

Nixon Woods, respectively. Acer saccharum ranked highest in all importance

value categories and is clearly the most dominant species in Ginn Woods. Fagus

grandifolia ranked second in all categories in North Woods. A distinct break in

importance value occurred between F. grandifolia and A. saccharum and the

remaining (subdominant) species in North Woods. Tilia americana ranked third

in importance value (3.73%) followed by six species with values between

2.4% and 2.8% {Quercus rubra, Ulmus rubra, Celtis occidentalis, Carya ovata,

Ulmus americana, and Fraxinus americana). No other species had an impor-

tance value above 2.0. Total overstory stem density was 304, 329, and 282 per

ha in North, South, and Nixon Woods, respectively (Table 2).

North Woods has 24 overstory species. Acer saccharum had the highest den-

sity in all size-classes up to 70 cm dbh in North Woods (Figure 2). The density

of Fagus grandifolia stems was roughly equal to that of all other species com-

bined (with the exception of A. saccharum) up to 60 cm dbh. The high recruit-

ment in the smaller size-classes indicates that A. saccharum and F grandifolia

are reproducing well and will replace themselves. Stems ^ 80 cm dbh are infre-

quent. Tilia americana and Ulmus rubra have size-class distributions that approx-

imate a multimodal curve (Figure 2). They have two or more peaks in density,

which indicates that these species may reproduce in pulses. Quercus rubra peaks

in the 70-80 cm dbh size class, and the absence of stems in the smaller size class-

es suggests that this species is not replacing itself and may eventually disap-

pear from the study site (Figure 2). Only A. saccharum had stems ^ 90 cm dbh

in North Woods.

South Woods has 26 overstory species and ranks highest in total basal area

and total density (Table 1). Acer saccharum has a slightly lower density and basal

area here than in North Woods. The importance of Fagus grandifolia is much
lower in South Woods. Tilia americana, F grandifolia, Populus deltoides, and
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Figure 2. Overstory stem size-class distribution for North Woods. The stem size-class

density for the top five species is based on importance value. The remaining species

are grouped as "others." See Table 1 for the names of the other species. Light and dark

shading is used to as an aid in interpreting the data.

Ulmus rubra all have importance values > 5.0. In South Woods, the elevation

is slightly lower than in North Woods, and the overall soil moisture is higher.

Where ponding remains the longest during the growing season, wet-site species

such as Acer saccharinum, Acer rubrum, Carya laciniosa, Fraxinus pennsyl-

vanica, Platanus occidentalism and Populus deltoides are locally dominant. In

South Woods, the size-class distribution of A. saccharum (Figure 3) has higher

recruitment in the smallest dbh size class and lower densities above 30 cm dbh

than in North Woods (Figure 2). No stems ^ 90 cm dbh were sampled in South

Woods.

The overstory of Nixon Woods consists of 18 tree species (Table 1). As in

the other two sections of Ginn Woods, Acer saccharum is the most dominant

species with an importance value approximately four times greater than that of

Quercus rubra, the second ranking species. Quercus rubra only has stems in size

classes ^ 30 cm dbh (Figure 4), and, despite a lower frequency and density than

Tilia americana, its larger basal area gives it a higher importance value (Table

1). Quercus rubra is followed by T. americana, Fagus grandifolia, Fraxinus
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South Woods

stem Size Class (cm)

Acer saccharum

Others

Fagus grandifoHa

Tilia americana

Ulmus rubra

Populus deltoides
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90 &>

Figure 3. Overstory stem size-class distribution for South Woods. The stem size-class

density for the top five species is based on importance value. The remaining species

are grouped as "others." See Table 1 for the names of the other species. Light and dark

shading is used as an aid in interpreting the data.

americana, and Aesculus glabra in importance value. Only Acer saccharum

shows a strong descending monotonic curve; Fagus grandifolia, Fraxinus amer-

icana, and T. americana approximate a multimodal curve; Quercus rubra has a

decreaser curve with no recruitment in the smaller size-classes. Acer saccharum

has the highest density of any species < 70 cm dbh and makes up approximate-

ly 50% of the total density in this dbh range (Figure 4). Quercus rubra is the pre-

dominant species above 70 cm dbh and the only species measured with a dbh >

90 cm.

Understory. The total stem density for size class 2 in Nixon Woods is approx-

imately twice that of either North or South Woods, while the stem density in size

class 1 is roughly equivalent in all three areas (Table 2). Shade-tolerant species

are dominant throughout Ginn Woods in understory size classes 1 (Figure 5) and

2 (Figure 6). The higher stem density for size class 2 in Nixon Woods is due to

the relatively high densities ofAcer saccharum and Ulmus rubra (Figure 6). Acer

saccharum makes up at least one-third of all the stems in size classes 1 and 2,

except in size class 1 in Nixon Woods (Figures 5 and 6). Ulmus rubra dind Aes-

culus glabra rank second in prominence in the understory (Figures 5 and 6) but
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Table 2. Stem density (number/ha) for the woody plants in the understory and over-

story in the three sections of Ginn Woods.

Size Class North Woods South Woods Nixon Woods

Understory

^ 2 m tall and < 5 cm dbh (Class 1) 2336 2672 2688

^ 2 m tall and 5 cm dbh < 10 cm 130 160 316

(Class 2)

Totals 2466 2832 3004

Overstory

10.0- 19.9 cm 72.0 116.1 73.6

20.0 - 29.9 cm 59.1 57.1 55.7

30.0 - 39.9 cm 57.0 56.1 57.8

40.0 - 49.9 cm 51.6 37.7 41.0

50.0 - 59.9 cm 36.5 30.9 21.0

60.0 - 69.9 cm 16.0 21.3 20.0

70.0 - 79.9 cm 8.6 8.7 7.4

80.0 - 89.9 cm 2.7 1.0 2.1

> 90.0 cm 0.5 0.0 3.2

Totals 304.0 328.8 281.8

are much less dominant in the overstory (Table 1). Asimina triloba and Lindera

benzoin are prominent components in size class 1 , especially in Nixon Woods

(Figure 5). Both are understory species that are not likely reach overstory sta-

tus. Fagus gmndifolia has its highest density in size class 2 in North Woods (Fig-

ure 6) and is found at low densities in size class 1 throughout Ginn Woods (Figure

5). Thirteen percent of all understory plots (20/150) were located in a canopy

gap.

DISCUSSION

Overall, Ginn Woods is a maple-beech-basswood forest. Acer saccharum is

the most dominant species throughout Ginn Woods in all understory and over-

story size classes up to 60 cm dbh. Fagus grandifolia ranks second in North

Woods and is supplanted by Tilia americana in South and Nixon Woods. Quer-

cus rubra, Tilia americana, Liriodenderon tulipifera, Fraxinus americana, Ulmus

rubra, Celtis occidentalis, and Prunus serotina are subdominants commonly

found in beech-maple woods (Lindsey and Escobar, 1976). Acer saccharinum,

Acer rubrum, Carya laciniosa, Fraxinus pennsylvanica, Platanus occidentalis,

and Populus deltoides are locally dominant where extended ponding occurs. The
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Nixon Woods

59.9

Stem Size Class (cm)

Acer saccharum

Others

Fagus grandifolia

Fraxinus americana

Tilia americana

Quercus rubra

Species

Figure 4. Overstory stem size-class distribution for Nixon Woods. The stem size-class

density for the top five species is based on importance value. The remaining species

are grouped as "others." See Table 1 for the names of the other species. Light and dark

shading is used as an aid in interpreting the data.

successional maturity of Ginn Woods is evident in the dominance of shade-tol-

erant species in the understory and overstory. Conversely, shade-intolerant species,

such as Quercus rubra, show little regeneration and should continue to decline

in importance without large-scale disturbance.

Should Ginn Woods be considered an old-growth forest? The lack of many

very large trees (as is common in other old-growth forests in Indiana) may
have been the primary reason that Lindsey, et al. (1969) did not consider Ginn

Woods to be an old-growth forest. Certainly, the lack of published studies on

Ginn Woods would limit its consideration as an old-growth forest in regional

studies (Parker, 1989; Brothers, 1993; Spetich, etaL, 1997). Several criteria have

been used to identify old-growth forests. Based on criteria adapted from Parker

(1989), Martin (1992), and Runkle (1996), we beheve that Ginn Woods has the

structure, composition, and disturbance history that qualifies this stand as an old-

growth forest (Table 3).

Ginn Woods has a high diversity of woody and herbaceous species. Over

380 species of vascular plants, including 72 species of woody plants, were
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Density (#/ha)

Understory
Size Class 1 : dbh < 5.0 cm

/ j>
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Area

Species

Figure 5. Understory size class 1 sapling density. Size class 1 stems are ^ 2 m in

height and < 5.0 cm dbh in each section within Ginn Woods. The species are ranked in

order from left to right based on their average density across sections. Light and dark

shading is used as an aid in interpreting the data.

documented for Ginn Woods (Ruch, et ai, 2000). Late-successional plants dom-

inate all size-class categories throughout Ginn Woods. The primary cause of dis-

turbance in Ginn Woods is windfalls, and canopy gaps are fairly frequent. Our

initial estimate of canopy gap coverage is 13%, but this feature requires further

study. A mosaic of different-aged canopy gaps is found that are primarily pop-

ulated by shade-tolerant species. The amount of coarse woody debris, while

not quantified in this study, is relatively high compared to other old-growth forests

in Indiana (pers. obs.). Limited tree harvest, such as those that occurred in South

and possibly Nixon Woods, would not prevent these stands from being consid-

ered as old-growth in all but the strictest definitions of old-growth (Runkle, 1996)

Edaphic conditions may limit the maximum stem size of trees in Ginn Woods

more severely than in other old-growth forests in Indiana. An examination of the

root structure of windthrows in Ginn Woods revealed that most of these trees

were shallowly rooted and toppled before reaching diameters in excess of 70 cm
(Gedler, 1998). This growth pattern is probably the result of a seasonally high

water table coupled with a soil structure that prevents the establishment of a deep

root system. While trees in excess of 90 cm dbh are uncommon, the density of
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Understory
Size Class 2 dbh = 5 -10cm

Area

Species

Figure 6. Understory size class 2 sapling density. Size class 2 stems are ^ 5cm dbh

and < 10 cm dbh in each section within Ginn Woods. Species are ranked in order from

left to right based on their average density across sections. Light and dark shading is

used as an aid in interpreting the data.

stems in Ginn Woods exceeds the criteria of ^ 7 stems ^ 75 cm dbh per hectare

suggested by Runkle (1996). Overstory basal area and overstory density (Table

1) fall within expected levels for old-growth forests (Table 3). These structural

characteristics, along with a documented history of minimal human disturbance,

clearly verify that Ginn Woods is an old-growth forest.

Studies at the Davis-Purdue Research Forest have provided important insights

into old-growth forest community dynamics (Parker and Leopold, 1983; Park-

er, et al, 1985; Parker and Sherwood, 1986; Parker and Ward, 1987; Ward and

Parker, 1989; Spetich and Parker, 1998). The proximity of Ginn Woods to the

Davis-Purdue Research Forest invites comparison. All of the woody species list-

ed from the Davis-Purdue Research Forest also occur in Ginn Woods (Ruch, et

al, 2000). Considerable overlap occurs in the types of soils found between the

two sites (McClain, 1985; Spetich and Parker, 1998), and shade-tolerant sub-

dominants, such as Acer saccharum, have shown significant recruitment and

growth over the last 60 years at the Davis-Purdue Research Forest (Ward and

Parker, 1989).
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Table 3. Old growth characteristics for each section of Ginn Woods based on criteria

adapted from Parker (1989), Martin (1992), and Runkle (1996). A check mark indi-

cates that the characteristic was found in that section of Ginn Woods. A question mark

indicates that no data were available for that variable.

Old-Growth North South Nixon

Characteristic Explanation Woods Woods Woods

High diversity Both woody and herbaceous

plants

/ / /

Old-growth plants Late successional species / / /
prominent

All aged structure Many size classes; major

disturbance rare

/ / /

Mosaic of canopy gaps Gaps of all ages / / /

Deadwood biomass Relatively high ? 7 ?

Large trees > 80 cm dbh / / /

Old trees > 150 years ? 7 7

Overstory basal area 25 m^/ha / / /

Overstory density ~ 250 trees/ha / / /

Little human disturbance Last 80 to 100 years / / 7

Some interesting differences have also been found. The Davis-Purdue site

has been classified as a lowland depressional forest (Lindsay and Schmelz, 1970).

Quercus spp. form much of the overstory (Ward and Parker, 1989), and several

years of cattle grazing may have had a strong influence on the development of

the Davis-Purdue Research Forest. Future research is needed to determine how
site specific factors, succession patterns, disturbance history, and landscape

dynamics produced the similarities and differences between the Davis-Purdue

Research Forest and Ginn Woods.

Ginn Woods is a valuable educational and scientific resource. Presettlement

Indiana had about 8 million ha of forest (Jackson, 1997). Only about 800 ha of

old-growth forest survives. The average size of old-growth stands in Indiana is

only about 19 ha (Spetich, et ai, 1997). According to the list of old-growth forests

in Indiana compiled by Spetich, et al (1997), the 65 ha of old-growth forest at

Ginn Woods would make the site the second largest old-growth forest in Indi-

ana. Future studies and the establishment of long-term monitoring plots would

add more information to our understanding of plant community dynamics in old-

growth forests.
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ABSTRACT: Ginn Woods, a 161 -acre tract of woodlands located in north-

ern Delaware County, contains one of the largest remaining sections of old-

growth forest in east-central Indiana. This study presents (1) a comprehensive

inventory of the vascular flora of the woods, including a visual estimate of the

relative distribution of each species, and (2) a description of seasonal changes

in the various habitats. The flora consists of 384 species of vascular plants,

representing 244 genera and 94 families. A total of 127 species are recorded

for the first time from Delaware County. Of the 384 species listed, 58, or

approximately 15%, are exotic species. Other than Alliaria petiolata, which

is beginning to invade the woods through open areas along the edge and along

seasonal creeks, the interior of the woods contains a native flora that proba-

bly approximates the composition of the pre-settlement forest in this area.

KEYWORDS: Beech-maple forest, Delaware County, flora, Indiana vascu-

lar plant records.

INTRODUCTION

Ginn Woods is a 161 -acre tract of woodland (SWA, Sec. 18, and NW'A, Sec.

19, T22N, RIOE; Wheeling Quadrangle 7.5 Minute Series Topographic Map)

owned by Ball State University and managed by the Department of Biology. Sit-

uated approximately 15 miles north of Muncie (Figure 1), the forest has been

used by Ball State students and faculty members for educational and research

purposes for over 60 years. Despite frequent use, little formal botanical docu-

mentation was done. The most notable study was by McClain (1985), who exam-

ined the influence of edaphic and pedologic factors on the tree species in the

undisturbed old-growth section of the forest. The Ball State University Herbar-

ium's data base contained just 166 specimens from Ginn Woods, representing

59 species from 26 families. All these specimens were collected before June 2

in any year. An additional 17 sedge species were collected by Dr. Paul Rothrock

and deposited in the Butler University Herbarium (Rothrock, pers. comm.). Lind-

sey, et al. (1969) conducted limited sampling of the overstory species for their

'Author of Correspondence: Donald G. Ruch, druch@bsu.edu (e-mail), 765-285-8804 (fax), and 765-285-

8829 (phone).
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Figure 1. A. Map ot Indiana showing the location of Delaware County (darkened).

B. Delaware County enlarged showing the location of Ginn Woods (darkened).

book, Natural Areas in Indiana and Their Preservation, but, to our knowledge,

no comprehensive study of the overstory tree species has ever been published.

Ginn Woods is one of the largest old-growth forests remaining in east-cen-

tral Indiana. Old-growth forests in the United States have been severely reduced

in size through clearing for wood products, farming, and urbanization (Duffy

and Meier, 1992). Consequently, Ginn Woods is ecologically significant not only

as an outdoor laboratory for Ball State University but also as a remnant of the

forests that once covered much of eastern and central Indiana. The woods lies

in the Bluffton Till Plain Section of the Central Till Plain Natural Region, an area

formerly covered by an extensive beech-maple forest (Homoya, et al, 1985).

The importance of the area is indicated by its inclusion in the book. The Natur-

al Areas of Indiana and Their Preservation (Lindsey, et a/., 1969). Lindsey, et

al. (1969) rated the forest (which they referred to as Ginn's Woods) quite high-

ly as an educational area because of its proximity to Ball State University and

the scarcity of forested areas in this part of Indiana. They (Lindsey, et al,

1969, p. 3 1 3) wrote, "Its preservation and resulting improvement by further mat-

uration is therefore desirable."

The inventory of a community such as Ginn Woods has applications in applied

and basic science as well as in autecology (Barbour, et al, 1987). While devel-

oping their classification of the Natural Regions of Indiana, Homoya, et al (1985)
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used floral species composition and distribution as important criteria for delin-

eating the various Natural Regions. Species presence and absence reveals much
about the landscape. Demographic information is also important in determining

whether or not the number of individuals in and the number of populations of a

species are increasing, decreasing, or stable (Schemske, et aL, 1994). For exam-

ple, Brewer (1980) and Duffy and Meier (1992) described changes in the herba-

ceous layer of mature forests in the eastern United States. Duffy and Meier ( 1 992)

reported that in clear-cut, old-growth forests, the herbaceous species had not

recovered to their predisturbance levels after time periods ranging from 45 to 87

years. Brewer (1980) reported that several herbaceous species in a climax beech-

maple forest in Michigan had decreased in abundance over the last half centu-

ry. This decrease was due to the increased dominance of sugar maple and beech,

which increased the amount of shade, causing the canopy to close earlier and

resulting in the loss of late-flowering herbs.

An inventory is the simplest method for documenting species diversity and

is a fundamental step in monitoring any changes that may occur in species com-

position over time. Meier, et al. (1995) found that even small, remnant, primary-

forest stands, like the old-growth section in Ginn Woods, are important reserves

of vernal herb diversity. Given its history of minimal disturbance and the pres-

ent-day management policy, Ginn Woods provides an opportunity for numerous

ecological studies, including the long-term monitoring of species composition

and size class structure. Our goals were: (1) to inventory the vascular flora of

Ginn Woods; (2) to visually estimate of the relative distribution of each species;

and (3) to describe the seasonal changes in the vegetation.

HISTORY

Ginn Woods consists of three separately purchased tracts of land. The tract

originally known as Ginn's Woods was purchased by John Ginn in 1832 as a

United States Land Grant shortly after Delaware County was first settled (McClain,

1985). The woods remained with the Ginn Family until its purchase by Ball State

University in 197 1 . The northern portion of this tract of land, known to the Ginn

family as the North Woods (Figure 2), has neither been grazed nor burned and

has not been logged since its acquisition by the Ginn family (McClain, 1985).

This section of Ginn Woods contains one of the few stands of beech-maple for-

est still remaining in east-central Indiana that closely approximates a presettle-

ment forest (Lindsey, et ai, 1965). The portion of the original tract known as the

South Woods (Figure 2) has been moderately disturbed. In 1924, some timber

was removed for the construction of a house. Subsequently, several white oaks

were cut by a stave mill company, but, for some unknown reason, the logs

were not removed (McClain, 1985). The original Ginn Woods, which consisted

of both North and South Woods, was designated a classified forest in December

1929. The State Forester at that time, Charles C. Deam, reported on the appli-

cation form that the woods bore no indication of insect or disease damage and

no evidence of anthropogenic disturbance. He stated that Ginn Woods was a vir-

gin forest (McClain, 1985).
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Figure 2. Map of Ginn Woods.
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Two additional tracts of land were purchased by Ball State University short-

ly after the acquisition of the original Ginn's Woods. Nixon Woods (Figure 2),

which lies adjacent to the southern end of South Woods, was acquired in 1974.

As no records have been found, we are not sure how this section was used in the

past. However, Nixon Woods has been left undisturbed since its acquisition by

Ball State University. The third and final tract purchased was the Wesley Wet
Area (Figure 2). This 10-acre site is adjacent to the southwestern side of North

Woods and was purchased to preserve the integrity of North Woods. These three

tracts are now known collectively as Ginn Woods. The Department of Biology

maintains and manages Ginn Woods, and the Department's management phi-

losophy is to maintain the woodland as a "natural area" with minimal distur-

bance (Department of Biology, Field Areas and Facilities Committee).

SITE DESCRIPTION

Ginn Woods lies in northern Delaware County (Figure 1). The forest is

bordered on its northeastern edge by the Eaton-Wheeling Pike and on the north-

western and upper portion of its western edge by County Road 300 West (Fig-

ure 3). The southern half of the western edge is contiguous with a narrow open

field (designated Farmer's Field) that is a buffer between the woods and a cul-

tivated field. The eastern and southern edges of Ginn Woods are bordered by

agricultural fields.

The Bluffton Till Plain Section was once covered by the Ontario-Erie Lobe

of the Wisconsinan ice sheet, and the retreat of glacial ice left a relatively level

plain with clay-rich soils (Homoya, et aL, 1985). The two prevalent soils in Ginn

Woods are the Blount Silt and Pewamo Silty Clay Loams (Cartwright, 1978).

The Blount Series underlies 70% to 75% of the woods and is the better drained

of the two soils. The natural, presettlement plant communities of the Bluffton

Till Plain Section were forests. The beech-maple complex at Ginn Woods is

inhabited by mesic and upland depressional wet-site species (Lindsey, et aL,

1969). In an attempt to simplify the presentation of our results, various habitats

have been given descriptive names to serve as reference points (Figure 3).

Topographically, the woods is mostly level with the west side tending to be

slightly higher and better drained than the east side. Several depressions that

have standing water from spring to mid-summer are found in the woods. These

seasonally wet areas are more frequent and larger in size in South Woods and

the northern part of Nixon Woods. The exception is a large vernal pool (West

Vernal Pool) located in the southwestern corner of North Woods. This depres-

sional area is the only site where Qiiercus bicolor is found. The Wesley Wet Area,

a 10-acre successional field, is separated from this portion of North Woods by

a stand of Populus deltoides. To the east of West Vernal Pool are two open areas.

The larger of the two (Wrigley Field) supports several shrub species along its

border with the mixed hardwood species of North Woods. The second open area

(Small Field) has a stand of willow, Salix nigra, along its border with Wesley

Wet Area.
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Figure 3. Map of the habitats and reference points at Ginn Woods.

Within the mesic woods, a number of gaps have formed by single and mul-

tiple canopy tree falls. The replacement of the canopy trees in some areas has

been slow, and, consequently, these areas provide some unique microhabitats.

Several understory species are found only in these "meadows" {e.g., Lily and

East Meadows, which remain wet through the early summer). The interior of the

woods is drained by three seasonal creeks— West, Central, and East Ginn Runs

(Figure 2). Central Ginn Run originates at Southern Pond in Farmer's Field adja-

cent to Nixon Woods. Southern Pond holds water year round and was included

in the study. The three creeks drain to the northeast corner of the woods where

they converge forming a small alluvial plain. This creek drains through an

open marshy area bordering the Eaton-Wheeling Pike and eventually flows into

the Mississinewa River.



Vol. 1 07 ( 1 998) Indiana Academy of Science 23

Several areas that lie outside Ginn Woods were included in our study. These

areas lie between the woods' edge and the roads on the upper western and north-

em sides and between the woods' edge and the agricultural fields on the remain-

ing sides. The northern third of Farmer's Field remains wet into early summer
and drains into West Ginn Run. These additional areas were included in the study

to help monitor the future spread of non-native species.

METHODS
During the 1995 and 1996 growing seasons, two to three forays per week

were made into the study area. Our visits continued on a less intensive basis dur-

ing the 1997 season. Simultaneously, collections stored at the Ball State Uni-

versity Herbarium (BSUH) were re-examined. Our notes on the vegetation

consisted of species lists with visual estimates of their abundance (see p. 33).

In addition, seasonal changes in the dominant vegetation were noted for each

habitat. Gleason and Cronquist (1991) was used as the primary taxonomic ref-

erence. Potential county records were checked against the Indiana Natural Her-

itage Data Center's records for Delaware County. Herbarium specimens were

deposited in the Ball State University Herbarium (BSUH).

RESULTS

Attached is a checklist of the vascular flora of Ginn Woods. The 384 species

represent 244 genera and 94 families based on the family classification of Glea-

son and Cronquist (1991). The checklist is arranged alphabetically by family.

Thirty-eight families are represented by only one species. A check against the

Indiana Natural Heritage Data Center's records for Delaware County revealed

that a total of 127 species are recorded here for the first time. Of the 384 species

listed, 58, or approximately 15%, are non-native or exotic species. The five most

abundant families are the Asteraceae (52 species), Cyperaceae (22 species),

Rosaceae (21 species), Lamiaceae (18 species), and Liliaceae (13 species). Each

species is followed by its common name (based on Gleason and Cronquist, 1991),

an estimate of its relative abundance, its typical habitat in the study area, and a

herbarium number if a specimen is preserved in the Ball State University Herbar-

ium (BSUH).

HABITAT DESCRIPTIONS

Mesic Woods. The mesic woods occupies the largest part of the study area

(Figure 3). The two most abundant canopy species are Acer saccharum and Fagus

grandifolia. Other common canopy species include Acer saccharinum, Carya

cordiformis, C. glabra, C. ovata, Celtis occidentalism Fraxinus americana,

F. pennsylvanica, Liriodendron tulipifera, Populus deltoides, Quercus muehlen-

bergii, Q. rubra, Tilia americana, and Ulmus rubra. The understory and shrub

layers vary in response to moisture, light, and time of leafout by the upper canopy

trees. Shrub and understory species include Acer negundo, Aesculus glabra,

Asimina triloba (which occurred in large-sized stands primarily on the west side
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of the woods), Carpinus caroliniana, Cephalanthus occidentalis (bordering wet

areas), Comus drummondii (especially along the edge), Crataegus spp., Euony-

mus atropurpureus, Gleditsia triacanthos, Gymnocladus dioica. Ilex verticilla-

ta, Lindera benzoin (in wetter areas), Ostrya virginiana, Prunus serotina,

P. virginiana, Ribes cynosbati, Sambucus canadensis, Staphylea trifolia (along

the edge), Ulmus americana, U. rubra. Viburnum acerifolium, and V prunifoli-

um. Common vine species are Menispermum canadense, Parthenocissus quin-

quefolia, Smilax spp. (especially S. hispida). Toxicodendron radicans, and Vitis

vulpina. Ferns in the mesic woods include Adiantum pedatum, Athyrium pyc-

nocarpon, Botrychium virginianum, Cystopteris protrusa, Dryopteris goldiana,

Dryopteris carthusiana, Onoclea sensibilis, and Polystichum acrostichoides

(rare). Spring ephemerals frequent to abundant in the woods include Cardamine

concatenata, C. douglassii, Caulophyllum thalictroides, Claytonia virginica,

Dicentra cucullaria, Erigenia bulbosa, Erythronium americanum. Floerkea pros

-

erpinacoides, Geranium maculatum, Phlox divaricata, Polemonium reptans,

Sanguinaria canadensis, Trilliumflexipes, T recurvatum, and Uvularia grandi-

flora. Dominant late spring to early summer species are Aplectrum hyemale,

Arisaema triphyllum, Asarum canadense, Cryptotaenia canadensis, Elymus hys-

trix, Galium aparine, G. obtusum, G. concinnum, Geum canadense, Hydrophyl-

lum spp., Isopyrum biternatum, Mitella diphylla (in Nixon Woods), Osmorhiza

claytonii, O. longistylis. Podophyllum peltatum. Ranunculus hispidus (in the

wetter areas), Sanicula gregaria, Senecio aureus, S. obovatus, Silene virginica,

Smilacina racemosa, Thaspium barbinode, Tradescantia subaspera, Viola pubes-

cens, V sororia, and V striata. During mid- to late-summer, the richness of herba-

ceous species in flower in the woods decreases. Late July through August were

very dry during both years of this study (Schoultz, 1997). The dominant species

at this time are Boehmeria cylindrica. Campanula americana, Circaea lutetiana,

Collinsonia canadensis, Eupatorium rugosum, Helianthus decapetalus (along

the edge and in open areas), Impatiens spp. (in open wet areas), Laportea canaden-

sis (in the moist areas). Lobelia siphilitica, Mimulus alatus, Phryma leptostachya,

Pilea pumila (in damp areas), and Polymnia canadensis. During the fall. Aster

cordifolius, A. lanceolatus var. simplex, A. lateriflorus, A. sagittifolius, A. short-

ii, Solidago caesia, and S. flexicaulis are prominent.

Meadows. The gaps created by tree fall create unique microhabitats within

the mesic woods. Three large open areas have been designated as meadows (Fig-

ure 3): Gymnopilus Meadow in North Woods and Lily Meadow and East Mead-

ow in South Woods. Gymnopilus Meadow is the driest and most open of the

three. This meadow is bordered by the mesic woods, although the side parallel

to County Road 300 West contains more shrubs and fewer trees. The herbaceous

plant community of Gymnopilus Meadow is large, varied, and includes Ambrosia

trifida, Apocynum cannabinum, Bidens vulgata, Boehmeria cylindrica. Cam-

panula americana, Carex spp., Cirsium arvense, Daucus carota, Erechtites

hieracifolia, Erigeron annuus, E. philadelphicus, Eupatorium perfoliatum,

E. purpureum, Geum vemum, Hackelia virginiana, Laportea canadensis. Lobelia
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siphilitica, Oxalis stricta, Phytolacca americana, Pilea pumila. Polygonum pen-

sylvanicum, Potentilla norvegica, Senecio glabellas, Smilax ecirrhata, Sisy-

rinchium angustifolium, Solidago flexicaulis, Stachys tenuifolia, and Typha

latifolia. The sensitive fern, Onoclea sensibilis, is also common in this meadow.

Despite its high species richness, much of the open area of Gymnopilus Mead-

ow is covered with Cirsium arvense from mid to late summer. Vines found in or

around this meadow include Dioscorea villosa, Menispermum canadense, and

Toxicodendron radicans. Gymnopilus Meadow is the only site where Dioscorea

villosa is found in the study area. Frequent shrubs or small trees that border the

meadow are Carpinus caroliniana, Cornus spp. (especially C. drummondii), and

Ostrya virginiana. Additionally, one plant of Lonicera maackii is growing in the

northeastern corner of the meadow.

Lily Meadow is generally wet throughout the summer. Although the mead-

ow contains several tall trees, the area is open. Besides having many of the plants

commonly found in the wet areas in the mesic woods, this meadow contains sev-

eral additional plant species including Aster pilosus, Carex spp., Circaea lute-

tiana. Clematis virginiana, Cornus alternifolia, Eupatorium perfoliatum, Geum
vemum, lodanthus pinnatifidus, Lilium michiganense, Lysimachia ciliata, Monar-

da clinopodia (on the border with Farmer's Field), Sambucus canadensis,

Viola striata, and Zizia aurea. Lily Meadow is the only site where Cornus alterni-

folia and Zizia aurea are found and one of two sites where Clematis virginiana,

lodanthus pinnatifidus, Lilium michiganense, Lysimachia ciliata, and Monar-

da clinopodia are found in the study area. Ferns common to Lily Meadow include

Athyrium pycnocarpon, Dryopteris goldiana, Dryopteris carthusiana, and Ono-

clea sensibilis. Acer negundo and Toxicodendron radicans are abundant along

the border between Lily Meadow and Farmer's Field.

East Meadow, which drains into East Ginn Run, is the wettest of the mead-

ows, holding water through much of the summer. The meadow also contains a

small vernal pool. In addition to having the greatest richness of Carex spp. in the

study area. East Meadow contains a variety of herbaceous plants including Ama^-
ma dracontium, Laportea canadensis, Lilium michiganense, Lobilia cardi-

nalis, Lycopus uniflorus, Pilea pumila, and Thaspium barbinode. Just to the west

of the meadow is a large patch of Thalictrum pubescens.

Wesley Wet Area. Wesley Wet Area is a successional area containing a mix-

ture of exotic species, old field species, shrubs, and trees (Figure 3). Of the plant

species reported from the study area, several occur only here, including the woody

species, Cercis canadensis, Cornus amomum, Salix discolor, and Rosa palustris,

and the herbaceous species, Antennaria plantaginifolia. Campanula rapuncu-

loides, Convallaria majalis, Desmodium paniculatum, Fragaria virginiana,

Geum laciniatum, Ipomoea hederacea, Knautia arvensis, Melilotus alba, Melis-

sa ojficinalis, Mirabilis nyctaginea, Trifolium hybridum, T repens, and Veroni-

ca arvensis. Frequent to abundant woody species in Wesley Wet Area include

Acer saccharinum, Campsis radicans, Cercis canadensis, Elaeagnus umbella-

ta, Fraxinus pennsylvanica, Populus deltoides, Rosa setigera, and Salix nigra.
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Less frequent woody species and vines are Cornus amomum, C. racemosa,

Crataegus mollis, Platanus occidentalism Rosa multiflora, R. palustris, Salix dis-

color. Toxicodendron radicans, and Ulmus rubra. Frequent to abundant spring

to summer herbaceous species in Wesley Wet Area include Agrimonia parvi-

flora, Antennaria plantaginifolia, Barbarea vulgaris. Chrysanthemum leucan-

themum, Daucus carota, Fragaria virginiana, Geum laciniata. Prunella vulgaris,

Trifolium hybridum, and T. pratense. Although Knautia arvensis is frequent in

Wesley Wet Area from June to the first autumn frost, this species was not observed

in flower during our study. Less frequent spring and summer herbaceous species

are Asclepias incarnata, A. syriaca, Desmodium glabellum, D. paniculatum.

Euphorbia maculata, Geum vernum, Hypericum spp., Lepidium campestre,

L. virginicum, Melilotus alba, Oxalis stricta, Plantago virginica, Potentilla recta,

and Rumex crispus. Campanula rapunculoides, Convallaria majalis, Ipomoea

hederacea, Melissa officinalis, Mirabilis nyctaginea, and Veronica arvensis are

found only on the edge of the field bordered by County Road 300 West. Late

summer to fall dominants include Aster novae-angliae, A. pilosus, Cirsium dis-

color, Euthamia graminifolia, Oenothera biennis, Solidago canadensis, and Ver-

nonia gigantea. The most common grass species include Dactylis glomerata,

Echinochloa crusgalli, Festuca elatior, Setaria glauca, and S.faberi (in the dis-

turbed areas). Spike-rush, Eleocharis tenuis, is also common.

Fields and Ponds. Farmer's Field (Figure 3) is mowed periodically (once

in 1995 and twice in 1996). Therefore, the field is an example of a repeatedly

disturbed area. In addition, the northern half of this field is usually wet through

early summer due to runoff. Starting just north of Southern Pond, water flows

through the field into West Ginn Run. Several small woody plants grow in this

field, especially near the edge of the woods. Since these plants are cut periodi-

cally, they are small sprouts. The species present include Acer saccharinum,

A. saccharum, Campsis radicans, Elaeagnus umbellata, Fraxinus pennsylvan-

ica, Gleditsia triacanthos, Platanus occidentalis, Rosa multiflora, R. setigera,

and several species of oaks. With the exception of the grasses, no herbaceous

species occur in large numbers in this field. The most frequent species are

Aster pilosus, Helianthus decapetalus (along the edge of the woods), Lobelia

inflata, Leonurus marrubiastrum, Lycopus americanus, Mimulus ringens (both

purple and white flowers are common). Polygonum pensylvanicum, and Teu-

crium canadense. Other flowering herbaceous plants include Agalinis tenuifo-

lia, Agastache scrophulariaefolia. Allium vineale, Apocynum cannabinum,

Erechtites hieracifolia. Euphorbia maculata, Monarda clinopodia (on the edge

of Farmer's Field bordered by Lily Meadow), Penthorum sedoides, Physails

longifolia. Polygonum aviculare, Potentilla norvegica, P. simplex, Rorippa palus-

tris, Scirpus atrovirens, Sida spinosa, Solanum nigrum, Solidago canadensis,

Sonchus asper, and Typha angustifolia. Herbaceous species growing only in

tilled soil along the edge of Farmer's Field include Abutilon theophrasti, Chenopodi-

um album. Hibiscus trionum, Solanum carolinense, Verbascum blattaria, and

Xanthium strumarium. Species found only in Farmer's Field include Abutilon
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theophrasti. Allium vineale. Hibiscus trionum, Leonurus marrubiastrum, Sida

spinosa, Sonchus asper, and Typha angustifolia. The most common grass species

in the field are Dactylis glomerata, Echinochloa crusgalli, Festuca elatior, Setaria

glauca, and S. faberi.

Southern Pond lies near the southern end of Farmer's Field, and several wet-

site species are found on its edges, including Asclepias incarnata, Alisma sub-

cordatum, Bidensfrondosa, Epilobium coloratum, Eupatorium perfoliatum,

Hypericum mutilum, Mentha arvensis. Phyla lanceolata. Polygonum hydropiper-

oides. Polygonum pensylvanicum. Slum suave. Verbena hastata, and Cinna arun-

dinacea. Cephalanthus occidentalis grows at the edge of the woods between

Southern Pond and South Vernal Pool. Three species growing in shallow water

along the edge of the pond are Juncus tenuis, Lindernia dubia, and Polygonum

hydropiperoides. Nuphar advena, which occurs only in the pond, is abundant.

Cirsium arvense is common on the high, dry, southern bank of the pond.

The two smaller fields, Small Field and Wrigley Field, that lie within

North Woods, are dominated by grasses, such as Festuca elatior and bulrush

(Scirpus atrovirens), as well as shrubs, such as Campsis radicans, Elaeagnus

umbellata, Rosa spp., and Rubus spp. Only a few flowering herbaceous species

occur in these fields, most from the Asteraceae, including Aster pilosus, A. novae-

angliae. Chrysanthemum leucanthemum, Cirsium discolor, and Solidago canaden-

sis. Trifolium pratense is also common. Both of these fields occur in the southwest

comer of North Woods, an area having standing water throughout the spring and

early summer. Thus, the most frequent tree species bordering the fields in these

wet areas is the moi^iuxt-ioXo^vdini Acer saccharinum. On slightly higher but still

wet ground, Fraxinus pennsylvanica and Populus deltoides are common. On the

highest and driest ground bordering these fields, other tree species occur, includ-

ing Acer saccharum, Juglans nigra, Liriodendron tulipifera, Platanus occiden-

talis, and Quercus muehlenbergii. The only specimen of Catalpa speciosa in

Ginn Woods occurs on the dry border of Wrigley Field.

Vernal Pools and Other Wet Areas in the Mesic Woods. A number of ver-

nal pools and low wet areas are located throughout the mesic woods. Most are

relatively small in size, although West Vernal Pool (located in North Woods) and

South Vernal Pool (located in Nixon Woods) are large. The most common shrub

associated with the small pools and wet areas is Lindera benzoin, which typi-

cally grows around the edge of these areas. These pools usually dry up in early

summer. As they dry, the most frequent plants inhabiting them are Boehmeria

cylindrica, Laportea canadensis, Menispermum canadense, Pilea pumila, and

Slum suave. The only site of Collinsia verna is on the edge of an open wet area

near the border of North and South Woods.

West Vernal Pool is the largest and most open of the vernal pools. Although

much of this pool lies within the mesic woods, its entire south side extends out

of the woods into an open field. This pool remains wet well into the summer.

When the pool finally dries, the surface, especially in the areas were the water

was deepest, is composed of a thick humus layer. Although this layer becomes
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so dry that few plants can grow in it, Acalypha rhomboidea is abundant in late

summer and fall. Boehmeria cylindrica, Campsis radicans, Pilea pumila, and

Sium suave grow toward the edges of West Vernal Pool. Overstory trees

include Acer saccharimim, Populus deltoides, Quercus bicolor, and Q. macro-

carpa. The section of West Vernal Pool that extends into the open field is dom-

inated from late summer through fall by Bidens vulgata, Cyperus strigosus,

Xanthium strumarium, and Cuscuta gronovii (which is parasitic primarily on

X. strumarium). The open area is ringed with Cephalanthus occidentalis. On the

east edge, Ambrosia artemisiifolia. Phyla lanceolata, and Pilea pumila are com-

mon. The woods lying between this open area and Wrigley Field is wet and con-

tains a nearly pure stand of small (less than 10 cm dbh) Acer saccharinum. The

entire western edge of West Vernal Pool is bordered by County Road 300 West,

and the most common woody border species are Acer negundo, Cephalanthus

occidentalis, Gymnocladus dioica, Salix nigra, and Ulmus rubra.

South Vernal Pool receives its water from Southern Pond, drains into Cen-

tral Ginn Run, and lies entirely within the mesic woods. Like West Vernal

Pool, South Vernal Pool is wet well into the summer, and, upon drying, expos-

es a thick humus layer in which few plants grow. The most common herbaceous

plants are Boehmeria cylindrica, Pilea pumila, Sium suave, and Lycopus uni-

florus (which forms a large stand here). The only other site where L. uniflorus

is found is in East Meadow. On the north side of the connection between

Southern Pond and South Vernal Pool in the mesic woods is a raised, dry area.

This rise is the only site wqyq Amelanchier arborea 2ind Anemonella thalictroides

are found. In addition, Jeffersonia diphylla occurs here.

Marshy Area. The marsh habitat (Figure 3) is small but contains one of

the richest communities in the study area. Although most of the area is wet, the

northeastern corner is slightly elevated and somewhat drier. The only woody

species in the marsh are a small tree, Crataegus sp., and Elaeagnus umbellata,

both of which occur in the drier corner. Herbaceous plants include Alisma sub-

cordatum, Bidens cernua, B. frondosa, Carex spp., Chelone glabra, Cuscuta

gronovii (parasitic on teasel), Dipsacus sylvestris, Epilobium coloratum, Eupa-

torium perfoliatum, Impatiens capensis (abundant), /. pallida (infrequent), Iris

virginica var. shrevei, Lemna minor. Lobelia siphilitica, Lycopus virginicus, Men-

tha arvensis, Mimulus ringens, Penthorum sedoides, Phytolacca americana,

Pilea pumila. Polygonum punctatum, Scutellaria lateriflora, Typha latifolia,

Valerianella umbilicata. Verbena urticifolia, Vernonia gigantea, Veronica cate-

nata, and Cinna arundinacea. Herbaceous plants that occur along the road's edge

and dry comer of the marsh include Ambrosia artemisiifolia, A. trifida. Anemone

virginiana, Asclepias syriaca, Eupatorium purpureum. Euphorbia maculata,

E. nutans, Gleditsia triacanthos, Hypericum perforatum, Lactuca biennis, Lep-

idium campestre. Polygonum aviculare, P. scandens, Penstemon digitalis, Ruel-

lia strepens, Saponaria officinalis, Solidago canadensis, Tragopogon dubius,

Verbesina altemifolia, and Vernonia gigantea.
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Alluvial Plain. The alluvial plain lies between the confluence of East and

West Ginn Runs and the marshy area at the Eaton-Wheeling Pike (Figure 3). The

seasonal creek (Ginn Run) running through the alluvial plain dries by mid to late

summer, but the banks, plain, and creek bed retain their moisture. Although con-

tiguous with the marshy area, the plants growing on the alluvial plain are notably

different, possibly due to the fact that the marshy area is fully open, while the

alluvial plain lies within the woods. Common plant species from spring through

early summer are Claytonia virginica, Erigenia bulbosa, Floerkea proserpina-

coides, Hepatica acutiloba (on the creek bank), lodanthus pinnatifidus.

Ranunculus hispidus var. caricetorum, R. recurvatus, Symplocarpus foetidus,

Valeriana pauciflora, and Valerianella umbilicata. In the spring of 1995, two

flowering specimens of Cardamine pratensis were observed on the alluvial plain,

but due to the scarcity of plants, no herbarium specimens were collected. This

species was not observed in the same area in the springs of 1996 or 1997. Species

common later in the season include Aster lanceolatus var. simplex, A. lateri-

florus, Cuscuta gronovii (parasitic on several different plant species), Impatiens

capensis, Laportea canadensis (abundant), Lobilia cardinalis, L. siphilitica,

Penthorum sedoides, Pilea pumila, Samolus floribundus (in shallow water),

Stachys tenuifolia, and Urtica dioica. Ribes americanum also grows on the allu-

vial plain. The plant species found only on the alluvial plain are 5. foetidus,

V. pauciflora, C. pratensis, and R. americanum.

Creek Banks. Several plant species are frequently associated with the sea-

sonal creeks, growing either in the creek, in the moist creek bed, or on the

creek bank. Species growing in the creeks before they dry are Cardamine pen-

sylvanica and Samolus floribundus in West Ginn Run just south of the alluvial

plain and Cardamine rhomboidea in East Ginn Run north of East Meadow. Plants

growing in the creek beds after the creeks dry include Lobelia cardinalis (West

Ginn Run between East Meadow and the marshy area) and Phlox paniculata

(widespread). Plants found only on the creek banks are Polystichum acrosti-

choides (West Ginn Run just south of the alluvial plain) and Viburnum aceri-

folium. Plants found primarily on the creek banks include Hepatica acutiloba,

Prenanthes altissima (the only flowering specimens were found along West Ginn

Run just south of the alluvial plain), and Solidago caesia (widespread). Although

the later two species are common throughout the woods, they are more fre-

quent on the creek banks. The only site where Lycopodium lucidulum is found

is approximately 50 feet west of the south end of the alluvial plain.

Edges of the Woods. The edges of the woods have the greatest variety of

plants. Additionally, the edges along County Road 300 West and the Eaton-

Wheeling Pike (the upper west and north side of Ginn Woods) have a noticeably

different plant community than the edge along the east side of the woods. Along

the roads, the most abundant shrub was Cornus drummondii. Other frequent to

abundant shrubs and trees include Acer negundo, A. saccharum, Carpinus car-

oliniana, Celtis occidentalis, Gymnocladus dioica, Ostrya virginiana, Rubus
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occidentalism Salix nigra, Sambucus canadensis, Staphylea trifolia, and Ulmus

rubra. Less common woody species include Acer nigrum (along County Road

300 West), Cornus racemosa, Crataegus punctata, Rosa multiflora, Rubuspen-

silvanicus, and Quereus spp. The most frequent vines are Menispermum canadense,

Parthenocissus quinquefolia. Toxicodendron radicans, and Vitis vulpina. Less

frequent vines include Dioscorea villosa, Smilax herbacea, and S. hispida. Along

County Road 300 West and the Eaton-Wheeling Pike, the most abundant herba-

ceous plants growing from the edge of the woods to the mowed area next to the

road include Alliaria petiolata. Ambrosia trifida. Aster shortii. Campanula amer-

icana, Dicentra cucullaria, Erigeron annuus, E. philadelphicus, Geum canadense.

Geranium maculatum, Helianthus decapetalus, Hydrophyllum appendiculatum,

Oxalis stricta, Sisyrinchium angustifolium, and Stachys tenuifolia. Less abun-

dant herbaceous species in the same area include Ambrosia artemisiifolia, Aster

cordifolius, A. novae-angliae, Cirsium vulgare, Conium maculatum, Dactylis

glomerata, Desmodium glabellum, Dipsacus sylvestris, Elymus hystrix, Eupa-

torium purpureum, Galium concinnum, G. obtusum, G. triflorum, Heliopsis

helianthoides, Lactuca biennis, L. canadensis, Lysimachia ciliata, Monarda

clinopodia, Oenothera biennis, Pastinaca sativa, Phleum pratense, Polygona-

tum biflorum, P pubescens, Ratibida pinnata, Rudbeckia hirta var. pulcherri-

ma, Ruellia strepens, Scutellaria incana, S. nervosa var. calvifolia. Sisymbrium

altissimum, Teucrium canadense, Tradescantia subaspera, Verbascum thapsus,

and Verbena urticifolia. Herbaceous plants found in the mowed area next to the

road are Achillea millefolium, Barbarea vulgaris, Capsella bursa-pastoris,

Cerastium arvense, C. vulgatum, Cichorium intybus, Daucus carota, Lepidium

campestre, Silene latifolia, Medicago lupulina, Plantago lanceolata, P. rugelii.

Prunella vulgaris, Stellaria media. Taraxacum officinale, Tragopogon dubius,

Trifolium pratense, T repens, Veronica arvensis, and V serpyllifolia.

The shrubs and trees along the east edge of the woods are analogous to those

described above except that Cornus drummondii, Carpinus caroliniana, and

Ostrya virginiana are much less common and Acer nigrum, Celtis occidentalis,

Rosa multiflora, Rubus occidentalis, R. pensilvanicus, Sambucus canadensis,

and Staphylea trifolia are more abundant. Additional frequent woody species on

the eastern edge of Ginn Woods include Aesculus glabra, Fraxinus pennsyl-

vanica, Gleditsia triacanthos, Juglans nigra, Liriodendron tulipifera, and Rosa

setigera. Frequent vines are Menispermum canadense, Parthenocissus quin-

quefolia. Toxicodendron radicans, and Vitis vulpina. Less frequent to rare

vines include Smilax herbacea and Vitis riparia. The east edge is bordered along

its entire length by several different agricultural fields. Herbaceous species occur-

ring from the edge of the woods to the plowed fields include Alliaria petiolata,

Ambrosia artemisiifolia, A. trifida, Barbarea vulgaris, Bidensfrondosa, B. vul-

gata, Carex spp., Chaerophyllum procumbens, Cirsium arvense, C. vulgare,

Erigeron canadensis, Equisetum arvensis, Eupatorium perfoliatum, Euthamia

graminifolia, Glechoma hederacea, Helianthus decapetalus, Lactuca serriola,

Lamium purpureum. Lobelia inflata, L. siphilitica, Physalis longifolia var. sub-
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glabrata, Phytolacca americana, Senecio glabellus, Solanum nigrum, Solida-

go canadense, Triosteum aurantiacum, Verbascum blattaria (both the yellow

and white flower phenotypes), Verbena hastata, and V urticifolia.

DISCUSSION

Of the nearly 400 plant species found in Ginn Woods and associated areas,

many are typical of old-growth beech-maple association forests. The subdomi-

nant canopy tree species, Quercus rubra, Tilia americana, Liriodendron tulip-

ifera, Fraxinus americana, Ulmus rubra, Celtis occidentalis, and Prunus serotina,

are commonly found in beech-maple woods (Lindsey and Escobar, 1976). Shrub

species found in Ginn Woods that are included in the shrub layer of other beech-

maple woods are Asimina triloba, Lindera benzoin, Sambucus canadensis, Euony-

mus atropurpureus, and Viburnum acerifolium (Petty and Jackson, 1966). Levenson

and Jackson (1980) sampled the ground layer of 21 old-growth beech-maple

forests in Indiana, Michigan, and western Ohio and found a total of 174 species.

Ginn Woods contains 109 of these species, including 43 of the 50 most impor-

tant species. The 58 exotic species in Ginn Woods are found predominantly along

the woods' edge or in open areas {e.g., the meadows, fields, and Wesley Wet

Area). The only exotic species which is beginning to invade the interior of the

woods is Alliaria petiolata. The exotic species comprise only about 15% of the

total species, clearly indicating that the native flora is dominant. However, the

invasion of non-native species, such ^^ Alliaria petiolata, into the interior of the

woods is a threat that should be monitored and controlled. The vegetation cur-

rently growing in the interior of the woods resembles pre-settlement vegetation

(Lindsey, et al, 1965). With the fragmentation of regional ecosystems into iso-

lated forest systems as a result of urbanization and agricultural development, the

maintenance and preservation of original communities becomes more difficult.

Ginn Woods is one of the few remaining remnants of old-growth forest in east-

central Indiana and serves as an important reserve for the native flora of this area.

The inventory provided in this study establishes important baseline data with

which future studies can be compared.
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CATALOG OF THE VASCULAR PLANTS OF GINN WOODS
ARRANGED ALPHABETICALLY BY FAMILY

DIVISION LYCOPODIOPHYTA

Lycopodiaceae— Clubmoss Family

Lycopodium lucidulum Michx.

Shining clubmoss; rare'; 50 feet west of southern end of alluvial

plain^; BSUH 7973.

DIVISION EQUISETOPHYTA

Equisetaceae— Horsetail Family

Equisetum arvense L.

Field horsetail; rare; road's edge along Eaton-Wheeling Pike at marshy

area and woods' edge east of alluvial plain; BSUH 7974.

DIVISION POLYPODIOPHYTA

Adiantaceae— Maidenhair Fern Family

Adiantum pedatum L.

Northern maidenhair fern; frequent; mesic woods; BSUH 7975.

Aspleniaceae— Spleenwort Family

Athyrium pycnocarpon (Sprengel) Tidestrom

Glade-fern; frequent; mesic woods; BSUH 7976.

^^ Cystopteris protrusa (Weatherby) Blasdell

Lowland bladder-fern; frequent; mesic woods; BSUH 7977.

Dryopteris goldiana (Hook.) Gray

Goldie's wood-fern; infrequent; mesic woods; BSUH 7978.

Dryopteris carthusiana (Villars) H.P. Fuchs (D. spinulosa)

Toothed wood-fern; frequent; mesic woods; BSUH 7979.

Polystichum acrostichoides (Michx.) Schott.

Christmas fern; rare; West Ginn Run creek bank just south of the

alluvial plain; BSUH 7980.

Relative abundance: rare = < 3 sites; infrequent = occasional, not widespread throughout the woods; frequent

= common throughout the woods, typically not in great numbers (although occasionally a species may be

locally abundant); and abundant = found throughout the woods, often locally abundant in suitable habitat.

Typical habitat: In an attempt to simplify the presentation of the results, descriptive names have been assigned

to the different habitats; these are defined in Figure 3.

' The symbols on the left refer to the following: * = naturalized (exotic), non-native species; § = county record;

+ = probably planted.
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Onocleaceae— Sensitive Fern Family

Onoclea sensibilis L.

Sensitive fern; frequent; mesic woods; BSUH 7981.

Ophioglossaceae— Adder's Tongue Family

Botrychium virginianum (L.) Swartz

Rattlesnake fern; frequent; mesic woods; BSUH 7982.

DIVISION MAGNOLIOPHYTA (Flowering Plants)

Acanthaceae— Acanthus Family

^Ruellia strepens L.

Smooth ruellia; infrequent; woods' edge; BSUH 7983.

Aceraceae— Maple Family

Acer negundo L.

Boxelder; frequent; woods' edge; BSUH 7984.

Acer nigrum Michx. f.

Black maple; infrequent; woods' edge; BSUH 7985.

Acer rubrum L.

Red maple; infrequent; South Woods; BSUH 7986.

Acer saccharinum L.

Silver maple; frequent; mesic woods, especially around West Vernal

Pool; BSUH 7987.

Acer saccharum Marsh

Sugar maple; abundant; mesic woods; BSUH 7988.

Alismataceae— Water-Plantain Family

Alisma subcordatum Raf.

Southern water plantain; infrequent; Southern Pond, the marshy area,

and the southwestern corner of Wesley Wet Area; BSUH 7989.

Anacardiaceae— Cashew Family

Toxicodendron radicans (L.) Kuntze

Common poison ivy; abundant; edges and open areas; BSUH 7990.

Annonaceae— Custard-Apple Family

Asimina triloba (L.) Dunal.

Pawpaw; frequent; west side of mesic woods; BSUH 7991.

Apiaceae— Carrot Family

Chaerophyllum procumbens (L.) Crantz

Spreading chervil; infrequent; northeast edge; BSUH 7992.



Vol. 1 07 ( 1 998) Indiana Academy of Science 35

*§ Conium maculatum L.

Poison hemlock; rare; road's edge; BSUH 7993.

Cryptotaenia canadensis (L.) DC.

Honewort; abundant; mesic woods; BSUH 7994.

"^Daucus carota L.

Wild carrot; frequent; road's edge and Wesley Wet Area; BSUH 7995.

Erigenia bulbosa (Michx.) Nutt.

Harbinger of spring; abundant; mesic woods; BSUH 7996.

Osmorhiza claytonii (Michx.) Clarke

Bland sweet cicely; abundant; mesic woods; BSUH 7997.

Osmorhiza longistylis (Torr.) DC.

Aniseroot; abundant; mesic woods; BSUH 7998.

"^Pastinaca sativa L.

Parsnip; infrequent; road's edge; BSUH 7999.

Sanicula canadensis L.

Canada sanicle; infrequent; road's edge along Eaton-Wheeling Pike;

BSUH 8000.

Sanicula gregaria Bickn.

Cluster sanicle; abundant; mesic woods; BSUH 8001.

§ Sium suave Walter

Water parsnip; frequent; pond's edge and vernal pools; BSUH 8002.

Thaspium barbinode (Michx.) Nutt.

Bearded meadow-parsnip; abundant; mesic woods; BSUH 8003.

Zizia aurea (L.) Koch

Common golden alexanders; infrequent; mesic woods on edge of Lily

Meadow; BSUH 8004.

Apocynaceae— Dogbane Family

Apocynum cannabinum L.

Hemp dogbane; infrequent; Wesley Wet Area and Farmer's Field;

BSUH 8005.

Aquifoliaceae— Holly Family

Ilex verticillata (L.) Gray

Winterberry; rare; northeast comer of North Woods; BSUH 8006.

Araceae— Arum Family

Arisaema dracontium (L.) Schott

Green dragon; rare; northeast corner of North Woods and west of East

Meadow; BSUH 8007.
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Arisaema triphyllum (L.) Schott

Jack-in-the-pulpit; abundant; mesic woods; BSUH 8008.

Symplocarpus foetidus (L.) Nutt.

Skunk cabbage; rare; alluvial plain; BSUH 8009.

Aristolochiaceae— Birthwort Family

Asarum canadense L.

Wild ginger; abundant; mesic woods; BSUH 8010.

Asclepiadaceae— Milkweed Family

Asclepias incarnata L.

Swamp milkweed; infrequent; Wesley Wet Area and pond's edge;

BSUH 8011.

Asclepias syriaca L.

Common milkweed; infrequent; road's edge near marshy area; BSUH
8012.

Asteraceae— Aster Family

^Achillea millefolium L.

Common yarrow; infrequent; road's edge; BSUH 8013.

Ambrosia artemisiifolia L.

Common ragweed; frequent; road's edge and east edge; BSUH 8014.

Ambrosia trifida L.

Giant ragweed; abundant; along Eaton-Wheeling Pike, east edge, and

open areas in mesic woods; BSUH 8015.

Antennaria plantaginifolia (L.) Richardson

Plantain pussytoes; infrequent; Wesley Wet Area; BSUH 8016.

"^Arctium minus Schk.

Common burdock; rare; road's edge along Eaton-Wheeling Pike;

BSUH 8017.

Aster cordifolius L.

Common blue heart-leaved aster; frequent; mesic woods; BSUH 8018.

^ Aster lanceolatus Willd. var. simplex (Willd.) Jones

Eastern lined aster; frequent; mesic woods; BSUH 8019.

Aster lateriflorus (L.) Britton

Goblet aster; frequent; mesic woods; BSUH 8020.

Aster novae-angliae L.

New England aster; frequent on road's edge; abundant in Wesley Wet

Area and fields; BSUH 8021.
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Aster pilosus Willd.

Awl aster; abundant in Wesley Wet Area and Farmer's Field; BSUH
8022.

Aster sagittifolius Willd.

Arrow-leaved aster; frequent; mesic woods; BSUH 8023.

^Aster shortii Lindley

Midwestern blue heart-leaved aster; frequent; mesic woods; BSUH
8024.

%Bidens cernua L.

Bur-marigold; infrequent; marshy area; BSUH 8025.

Bidens frondosa L.

Devil's beggar ticks; frequent; Farmer's Field, marshy area, and south-

ern end of east edge; BSUH 8026.

Bidens vulgata Greene

Tall beggar ticks; frequent; east edge and West Vernal Pool; BSUH
8027.

* Chrysanthemum leucanthemum L.

Oxeye daisy; abundant in Wesley Wet Area; BSUH 8028.

*§ Cichorium intybus L.

Chicory; infrequent; road's edge; BSUH 8029.

"^^Cirsium arvense (L.) Scop.

Canada thistle; infrequent; Gymnopilus Meadow; BSUH 8030.

Cirsium discolor (Muhl.) Sprengel.

Field thistle; frequent; Wesley Wet Area and woods' edge; BSUH
8031.

* Cirsium vulgare (Savi) Tenore

Bull thistle; rare; road's edge; BSUH 8032.

Conyza canadensis (L.) Cronq.

Horseweed; infrequent; east edge; BSUH 8033.

%Erechtites hieracifolia (L.) Raf.

Fireweed; infrequent; Gymnopilus Meadow, north end of Farmer's

Field, and North Vernal Pool; BSUH 8034.

Erigeron annuus (L.) Pers.

Annual fleabane; frequent; Gymnopilus Meadow, edge, and mesic

woods; BSUH 8035.

Erigeron philadelphicus L.

Philadelphia daisy; frequent; road's edge; BSUH 8036.
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Eupatorium perfoliatum L.

Boneset; frequent; road's edge, east edge, pond bank, and marshy area;

BSUH 8037.

Eupatorium purpureum L.

Purple-node Joe-pye weed; infrequent; Gymnopilus Meadow and

edge; BSUH 8038.

Eupatorium rugosum Houttuyn

White snakeroot; frequent; mesic woods; BSUH 8039.

^Euthamia graminifolia (L.) Nutt.

Common flat-topped goldenrod; frequent; Wesley Wet Area and east

edge; BSUH 8040.

Helianthus decapetalus L.

Forest sunflower; abundant; woods' edge and open areas in mesic

woods; BSUH 8041.

Heliopsis helianthoides (L.) Sweet

Sunflower everlasting; rare; road's edge; BSUH 8042.

^Lactuca biennis (Moench) Fern.

Tall blue lettuce; frequent; road's edge; BSUH 8043.

Lactuca canadensis L.

Tall lettuce; frequent; edge; BSUH 8044.

§ Lactuca serriola L.

Prickly lettuce; rare; Wesley Wet Area; BSUH 8045.

^Matricaria matricarioides (Less.) Porter

Pineapple weed; frequent; road's edge along County Road 300 West;

BSUH 8046.

Polymnia canadensis L.

Pale-flowered leaf-cup; abundant; mesic woods; BSUH 8047.

Prenanthes altissima L.

Tall white lettuce; frequent but rarely flowering; mesic woods (flower-

ing specimens on the creek bank of West Ginn Run just south of the

alluvial plain); BSUH 8048.

Ratibida pinnata (Vent.) Barnhart

Globular coneflower; rare; road's edge; BSUH 8049.

Rudbeckia hirta L. van pulcherrima Farw.

Black-eyed Susan; rare; road's edge along Eaton-Wheeling Pike;

BSUH 8050.

Rudbeckia laciniata L.

Cutleaf coneflower; rare; road's edge; BSUH 8051.
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§ Senecio aureus L.

Round-leaved groundsel; frequent; mesic woods; BSUH 8052.

§ Senecio glabellus Poir.

Yellowtop; infrequent; Gymnopilus Meadow, east edge, and open

areas in mesic woods; BSUH 8053.

Senecio obovatus Muhl.

Running groundsel; frequent; mesic woods; BSUH 8054.

Solidago caesia L.

Axillary goldenrod; frequent; mesic woods; BSUH 8055.

§ Solidago canadensis L.

Common goldenrod; frequent; Wesley Wet Area, fields, east edge, and

marshy area; BSUH 8056.

§ Solidago flexicaulis L.

Zigzag goldenrod; frequent; mesic woods; BSUH 8057.

^Sonchus asper (L.) Hill

Prickly sow thistle; infrequent; Farmer's Field; BSUH 8059.

*§ Taraxacum officinale Weber

Common dandehon; frequent; road's edge; BSUH 8060.

^^Tragopogon dubius Scop.

Fistulous goat's-beard; infrequent; road's edge; BSUH 8061.

* Tragopogon pratensis L.

Showy goat's-beard; infrequent; road's edge; BSUH 8062.

§ Verbesina alternifolia (L.) Britt.

Wingstem; infrequent; woods' edge; BSUH 8063.

Vernonia gigantea (Walter) Trel.

Tall ironweed; infrequent; Wesley Wet Area and marshy area; BSUH
8064.

^Xanthium strumarium L.

Common cocklebur: frequent; West Vernal Pool, Wesley Wet Area,

and Farmer's Field; BSUH 8065.

Balsaminaceae— Touch-Me-Not Family

Impatiens capensis Meerb.

Orange touch-me-not; frequent; marshy area and mesic woods; BSUH
8066.

§ Impatiens pallida Nutt.

Yellow touch-me-not; frequent; mesic woods; BSUH 8067.
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Berberidaceae— Barberry Family

Caulophyllum thalictroides (L.) Michx.

Blue cohosh; frequent; mesic woods; BSUH 8068.

Jejfersonia diphylla (L.) Pers.

Twinleaf; infrequent; patches in mesic woods; BSUH 8069.

Podophyllum peltatum L.

Mayapple; abundant; mesic woods; BSUH 8070.

Betulaceae— Birch Family

Carpinus caroliniana Walter

Hornbeam; frequent; mesic woods; BSUH 8071.

§ Ostrya virginiana (Miller) Koch

Hop-hornbeam; frequent; mesic woods; BSUH 8072.

Bignoniaceae— Trumpet-Creeper Family

§ Campsis radicans (L.) Seemann

Trumpet creeper; frequent; Small Field, Wesley Wet Area, and edge of

West Vernal Pool; BSUH 8073.

§ Catalpa speciosa Warder

Northern catalpa; rare; one tree on edge of Wrigley Field; BSUH 8074.

Boraginaceae— Borage Family

Hackelia virginiana (L.) Johnston

Stickseed; infrequent; Gymnopilus Meadow and mesic woods; BSUH
8075.

Mertensia virginica (L.) Pers.

Eastern bluebell; rare; two plants in North Woods northeast of the

marshy area; BSUH 8076.

Brassicaceae— Mustard Family

^^Alliaria petiolata (Bieb.) Cavara & Grande

Garlic mustard; frequent; road's edge along Eaton-Wheeling Pike, east

edge, and occasional patches in mesic woods; BSUH 8077.

-^Barbarea vulgaris R. Br.

Yellow rocket; infrequent; Wesley Wet Area and east edge; BSUH
8078.

^'Capsella bursa-pastoris (L.) Medikus

Shepherd's purse; frequent; road's edge; BSUH 8079.

Cardamine concatenata (Michx.) Schwarz

Five-parted toothwort; abundant; mesic woods; BSUH 8080.
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Cardamine douglassii Britt.

Pink spring cress; abundant; mesic woods; BSUH 8081.

§ Cardamine pensylvanica Muhl.

Pennsylvania bitter cress; rare; West Ginn Run south of alluvial plain;

BSUH 8082.

Cardamine rhomboidea (Pers.) DC.

Spring cress; rare; East Ginn Run north of East Meadow; BSUH 8083.

lodanthus pinnatifidus (Michx.) Steud.

Purple rocket; infrequent; Lily Meadow and southern end of marshy

area; BSUH 8084.

"^Lepidium campestre (L.) R. Br.

Field cress; infrequent; road's edge; BSUH 8085.

Lepidium virginicum L.

Poor-man's peppergrass; infrequent; road's edge; BSUH 8086.

^Rorippa palustris (L.) Besser war.fernaldiana (Butters & Abbe) Stuckey.

Common yellow cress; frequent; Farmer's Field and east edge; BSUH
8087.

"^^ Sisymbrium altissimum L.

Tumbling mustard; infrequent; road's edge; BSUH 8088.

Caesalpiniaceae— Caesalpinia Family

Cercis canadensis L.

Redbud; infrequent; west end of Wesley Wet Area; BSUH 8089.

Gleditsia triacanthos L.

Honey locust; frequent; woods' edge and mesic woods; BSUH 8090.

Gymnocladus dioica (L.) Moench

Kentucky coffee-tree; infrequent; road's edge and mesic woods;

BSUH 8091.

Campanulaceae— Bellflower Family

Campanula americana L.

Tall bellflower; frequent; mesic woods; BSUH 8092.

^+Campanula rapunculoides L.

Creeping bellflower; infrequent; road's edge along Wesley Wet Area;

BSUH 8093.

^Lobilia cardinalis L.

Cardinal flower; infrequent; East Meadow and creek bed of East Ginn

Run to alluvial plain; BSUH 8094.

% Lobelia inflata L.

Indian tobacco; frequent; Farmer's Field and east edge; BSUH 8095.
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Lobelia siphilitica L.

Great lobelia; frequent; road and field edges as well as mesic woods;

BSUH 8096.

Caprifoliaceae— Honeysuckle Family

^Lonicera maackii (Rupr.) Maxim.

Honeysuckle; rare; northeast end of Gymnopilus Meadow (one plant,

not flowering); BSUH 8058.

Sambucus canadensis L.

Common elderberry; infrequent; woods' edge along Eaton-Wheeling

Pike and Lily Meadow; BSUH 8097.

Triosteum aurantiacum Bickn.

Perfoliate horse-gentian; infrequent; woods' edge on east side south of

East Meadow, North Woods west of marshy area, and mesic woods;

BSUH 8098.

§ Viburnum acerifolium L.

Dockmackie; infrequent; creek bank on East Ginn Run south of allu-

vial plain; BSUH 8099.

Viburnum prunifolium L.

Black haw; infrequent; North Woods; BSUH 8100.

Caryophyllaceae— Pink Family

Arenaria lateriflora L.

Blunt-leaved sandwort; infrequent; mesic woods; BSUH 8101.

Cerastium arvense L.

Field chickweed; infrequent; road's edge; BSUH 8102.

* Cerastium vulgatum L.

Mouse-ear chickweed; infrequent; road's edge; BSUH 8103.

* Saponaria officinalis L.

Bouncing bet; rare; road's edge at marshy area; BSUH 8104.

* Silene latifolia Poiret

White campion; rare; road's edge; BSUH 8105.

Silene virginica L.

Fire pink; frequent; mesic woods; BSUH 8106.

^Stellaria media (L.) Villars

Common chickweed; frequent; road's edge; BSUH 8107.

Celastraceae— Staff-Tree Family

Euonymus atropurpureus Jacq.

Wahoo; infrequent; mesic woods; BSUH 8108.



Vol. 1 07 ( 1 998) Indiana Academy of Science 43

Euonymus obovatus Nutt.

Running strawberry bush; infrequent; northeast corner of North

Woods; BSUH 8109.

Chenopodiaceae— Goosefoot Family

* Chenopodium album L.

Lamb's quarters; infrequent; Farmer's Field and east edge; BSUH
8110.

Clusiaceae— Mangosteen Family

^Hypericum mutilum L.

Dwarf St. John's-wort; infrequent; Wesley Wet Area and pond edge;

BSUH 8111.

"^^ Hypericum perforatum L.

Common St. John's-wort; infrequent; Wesley Wet Area and road's

edge; BSUH 8112.

Hypericum punctatum Lam.

Spotted St. John's-wort; infrequent; Wesley Wet Area; BSUH 8113.

Commelinaceae— Spiderwort Family

Tradescantia subaspera Ker Gawler

Wide-leaved spiderwort; frequent; mesic woods; BSUH 8114.

Convolvulaceae— Morning-Glory Family

Calystegia sepium (L.) B. Br.

Hedge bindweed; infrequent; woods' edge and road's edge; BSUH
8115.

^Ipomoea hederacea Jacq.

Ivy-leaved morning glory; rare; road's edge along Wesley Wet Area;

BSUH 8116.

Cornaceae— Dogwood Family

§ Cornus alternifolia L. f.

Pagoda dogwood; rare; Lily Meadow; BSUH 8117.

Cornus amomum Miller var. schuetzeana (Meyer) Richett

Knob-styled dogwood; rare; edge between Wesley Wet Area and Small

Field; BSUH 8118.

§ Cornus drummondii Meyer

Rough-leaved dogwood; abundant; woods' edge; BSUH 8119.

Cornus florida L.

Flowering dogwood; infrequent; mesic woods; BSUH 8120.
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Cornus racemosa Lam.

Northern swamp dogwood; infrequent; northwestern edge of mesic

woods along County Road 300 West and North Woods; BSUH 8121.

Crassulaceae— Stonecrop Family

Sedum tematum Michx.

Wild stonecrop; rare; one large patch along County Road 300 West;

BSUH 8122.

Cuscutaceae— Dodder Family

§ Cuscuta gronovii Willd.

Common dodder; abundant in West Vernal Pool and infrequent in allu-

vial and marshy areas; BSUH 8123.

Cyperaceae— Sedge Family

Carex alhursina Shel.

Sedge; mesic woods; PER^ 2472.

Carex blanda Dew.

Sedge; mesic woods; PER 2473.

§ Carex bromoides Willd.

Sedge; edge of vernal pools; PER 2477.

§ Carex careyana Dew.

Sedge; moist woods; PER 2458.

Carex davisii Schw. & Torr.

Sedge; creek banks and edge of woods; PER 2479.

Carex gracilescens Steud.

Sedge; mesic woods; PER 2469.

Carex granulans Willd.

Sedge; moist clearing near creek; PER 2456.

Carex grayi Carey

Sedge; edges of vernal pools; PER 2476.

Carex grisea Wahl.

Sedge; creek banks and edge of woods; PER 2480.

Carex hirtifolia Mack.

Sedge; mesic woods; PER 2465.

Carex hitchcockiana Dew.

Sedge; mesic woods; PER 2471.

' Specimens with a PER number {i.e., Carex spp.) were collected by P.E. Rothrock and are on file in the But-

ler University Herbarium, Indianapolis, Indiana.
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Carexjamesii Schw.

Sedge; mesic woods; PER 2460.

Carex laevivaginata (Kuek.) Mack.

Sedge; moist clearing near creek on north side; PER 2457.

Carex laxiculmis Schw.

Sedge; mesic woods; BSUH 8136.

§ Carex laxiflora Lam.

Sedge; mesic woods; PER 2466.

§ Carex radiata (Wahl.) Sm.

Sedge; mesic woods; PER 2475.

Carex rosea Schk. ex Willd. (C. convoluta)

Sedge; mesic woods; BSUH 8137.

Carex sparganiodes Willd.

Sedge; mesic woods; PER 2464.

§ Carex woodii Dew.

Sedge; mesic woods; PER 2468.

§ Cyperus strigosus L.

False nutsedge; frequent; wet areas; BSUH 8131.

^ Eleocharis tenuis (Willd.) Schultes var. borealis (Svenson) Gleason

Spike-rush; frequent; wet areas, especially Wesley Wet Area; BSUH
8132.

Scirpus atrovirens Willd.

Black bulrush; all fields; BSUH 8284.

Dioscoreaceae— Yam Family

Dioscorea villosa L.

Colic-root; rare; north edge of Gymnopilus Meadow; BSUH 8141.

Dipsacaceae— Teasel Family

"^^Dipsacus sylvestris Hudson

Common teasel; infrequent; road's edge and marshy area; BSUH
8142.

"^^Knautia arvensis (L.) Duby
Blue buttons; frequent in Wesley Wet Area (did not flower); BSUH
8124.

Elaeagnaceae— Oleaster Family

"^^Elaeagnus umbellata Thunb.

Autumn olive; infrequent; Wesley Wet Area, Farmer's Field, and

marshy area; BSUH 8143.
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Euphorbiaceae— Spurge Family

Acalypha rhomboidea Raf.

Rhombic copperleaf; frequent; West Vernal Pool, when dry; BSUH
8133.

§ Euphorbia maculata L.

Milk purslane; infrequent; Wesley Wet Area and road's edge; BSUH
8144.

§ Euphorbia nutans Lagasca

Eyebane; infrequent; road's edge; BSUH 8145.

Fabaceae— Pea Family

^Desmodium glabellum (Michx.) DC.

Tick trefoil; infrequent; Wesley Wet Area and road's edge; BSUH
8146.

^Desmodium paniculatum (L.) DC.

Panicled tick trefoil; infrequent; Wesley Wet Area; BSUH 8147.

^Medicago lupulina L.

Black medick; frequent; road's edge; BSUH 8148.

"^Melilotus alba Medikus

White sweet clover; infrequent; Wesley Wet Area; BSUH 8149.

"^^Melilotus officinalis (L.) Pallas

Yellow sweet clover; infrequent; woods' edge; BSUH 8150.

*§ Trifolium hybridum L.

Alsike clover; frequent in Wesley Wet Area; BSUH 8151.

*§ Trifolium pratense L.

Red clover; frequent; road's edge, Wesley Wet Area, and fields; BSUH
8152.

* Trifolium repens L.

White clover; rare; road's edge and Wesley Wet Area; BSUH 8128.

Fagaceae— Beech Family

Fagus grandifolia Ehrh.

American beech; abundant; mesic woods; BSUH 8153.

Quercus alba L.

White oak; frequent; mesic woods; BSUH 8154.

Quercus bicolor Willd.

Swamp white oak; rare; West Vernal Pool; BSUH 8155.

Quercus macrocarpa Michx.

Bur oak; infrequent; West Vernal Pool and mesic woods; BSUH 8156.
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Quercus muehlenbergii Engelm.

Yellow oak; frequent; mesic woods; BSUH 8157.

§ Quercus palustris Muenchh.

Pin oak; frequent; mesic woods; BSUH 8158.

§ Quercus rubra L.

Northern red oak; frequent; mesic woods; BSUH 8159.

Fumariaceae— Fumitory Family

^Dicentra cucullaria (L.) Bernh.

Dutchman's breeches; abundant; mesic woods; BSUH 8160.

Geraniaceae— Geranium Family

Geranium maculatum L.

Wild geranium; abundant; mesic woods; BSUH 8161.

Grossulariaceae— Gooseberry Family

^Ribes americanum Miller

Eastern black currant; rare; alluvial plain (5 plants); BSUH 8162.

§ Ribes cynosbati L.

Dogberry; infrequent; mesic woods; BSUH 8163.

Hippocastanaceae— Horse-Chestnut Family

Aesculus glabra Willd.

Ohio buckeye; abundant; mesic woods and edge; BSUH 8164.

Hydrophyllaceae— Waterleaf Family

Hydrophyllum appendiculatum Michx.

Biennial waterleaf; abundant; mesic woods; BSUH 8165.

% Hydrophyllum canadense L.

Maple-leaved waterleaf; frequent; mesic woods; BSUH 8166.

Hydrophyllum macrophyllum Nutt.

Hairy waterleaf; abundant; mesic woods; BSUH 8167.

Hydrophyllum virginianum L.

Eastern waterleaf; abundant; mesic woods (this species flowers before

the hairy waterleaf, H. macrophyllum); BSUH 8127.

Iridaceae— Iris Family

Iris virginica L. van shrevei (Small) Anderson

Southern blue flag; rare; one patch in the marshy area; BSUH 8168.

Sisyrinchium angustifolium Miller

Blue-eyed grass; frequent; road's edge; BSUH 8169.
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Juglandaceae— Walnut Family

Carya cordiformis (Wang.) Koch

Bittemut hickory; frequent; mesic woods; BSUH 8170.

§ Carya glabra (Miller) Sweet

Pignut hickory; frequent; mesic woods; BSUH 8171.

§ Carya laciniosa (Michx. f.) Loudon

Shellbark hickory; infrequent; mesic woods; BSUH 8172.

Carya ovata (Miller) Koch

Shagbark hickory; frequent; mesic woods; BSUH 8173.

Juglans nigra L.

Black walnut; frequent; mesic woods; BSUH 8174.

Juncaceae— Rush Family

^Juncus tenuis Willd. var. dudleyi (Wieg.) Herm.

Rush; abundant around pond; BSUH 8125.

Lamiaceae— Mint Family

Agastache nepetoides (L.) Kuntze

Catnip giant hyssop; rare; North Woods; BSUH 8175.

Agastache scrophulariaefolia (Willd.) Kuntze

Purple giant hyssop; infrequent; Farmer's Field; BSUH 8176.

Collinsonia canadensis L.

Northern horse balm; frequent; mesic woods; BSUH 8177.

* Glechoma hederacea L.

Gill-over-the-ground; frequent; woods' edge; BSUH 8178.

"^Lamium purpureum L.

Red dead nettle; infrequent; woods' edge on east side; BSUH 8179.

^^Leonurus marrubiastrum L.

Horehound motherwort; frequent in Farmer's Field; BSUH 8180.

^Lycopus americanus Muhl.

American water horehound; infrequent; Farmer's Field and wet areas

along east edge; BSUH 8181.

^Lycopus uniflorus Michx.

Northern water horehound; infrequent; East Meadow and South Vernal

Pool; BSUH 8182.

Lycopus virginicus L.

Virginia water horehound; rare; marshy area (this species has been

previously reported in Delaware County; Deam, 1940); BSUH 8183.



Vol. 1 07 ( 1 998) Indiana Academy of Science 49

*§+M^//55fl officinalis L.

Lemon balm; rare; road's edge along Couny Road 300 West; BSUH
8184.

§ Mentha arvensis L.

Field mint; infrequent; edge of Southern Pond and marshy area;

BSUH 8185.

§ Monarda clinopodia L.

Basil bee-balm; infrequent; western edge of County Road 300 West

(infrequent in Indiana, where the species is near the northern edge of

its range); BSUH 8186.

"^Prunella vulgaris L.

Self-heal; frequent; Wesley Wet Area and edge (plants with white

flowers frequent); BSUH 8187.

Scutellaria incana Biehler

Downy skullcap; infrequent; road's edge; BSUH 8188.

Scutellaria lateriflora L.

Mad-dog skullcap; frequent; mesic woods and marshy area; BSUH
8189.

% Scutellaria nervosa Pursh. van calvifolia Fern.

Veined skullcap; infrequent; woods' edge; BSUH 8190.

Stachys tenuifolia Willd.

Smooth hedge nettle; frequent; woods' edge and open areas in mesic

woods; BSUH 8191.

Teucrium canadense L.

American germander; infrequent; Farmer's Field; BSUH 8192.

Lauraceae— Laurel Family

Undera benzoin (L.) Blume

Spicebush; abundant; wet areas in mesic woods; BSUH 8193.

Lemnaceae— Duckweed Family

§ Lemna minor L.

Lesser duckweed; rare; marshy area; BSUH 8194.

Liliaceae— Lily Family

Allium tricoccum Ait.

Wild leek; frequent; mesic woods; BSUH 8195.

"^Allium vineale L.

Field garlic; infrequent; Farmer's Field; BSUH 8196.
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'^§+Convallaria majalis L.

Lily of the valley; rare; road's edge along County Road 300 West;

BSUH8197.

Erythronium albidum Nutt.

White trout lily; infrequent; mesic woods; BSUH 8198.

Erythronium americanum Gawler

Yellow trout Uly; abundant; mesic woods; BSUH 8199.

§ Lilium michiganense Farw.

Michigan lily; rare; Lily Meadow (about 25 plants), East Meadow
(3 plants), and scattered in mesic woods; BSUH 8200.

§ Polygonatum hiflorum (Walter) Elliott

Smooth Solomon's seal; infrequent; woods' edge; BSUH 8201.

Polygonatum pubescens (Willd.) Pursh

Hairy Solomon's seal; infrequent; road's edge and mesic woods;

BSUH 8202.

Smilacina racemosa (L.) Desf.

False Solomon's seal; abundant; mesic woods; BSUH 8203.

§ Trillium flexipes Raf.

Bent trillium; abundant; mesic woods; BSUH 8204.

Trillium recurvatum Beck

Prairie trillium; abundant; mesic woods; BSUH 8205.

Trillium sessile L.

Toadshade; infrequent; South Woods; BSUH 8206.

Uvularia grandiflora Smith

Bellwort; abundant; mesic woods; BSUH 8207.

Limnanthaceae— Meadow-Foam Family

Floerkea proserpinacoides Willd.

False mermaid; abundant; mesic woods; BSUH 8208.

Magnoliaceae— Magnolia Family

§ Liriodendron tulipifera L.

Tuliptree; frequent; mesic woods and east edge; BSUH 8209.

Malvaceae— Mallow Family

*Abutilon theophrasti Medikus

Velvetleaf; infrequent; Farmer's Field (disturbed areas); BSUH 8210.

* Hibiscus trionum L.

Flower-of-an-hour; infrequent; Farmer's Field (disturbed areas);

BSUH 8211.
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Sida spinosa L.

Prickly sida; infrequent; Farmer's Field; BSUH 8212.

Menispermaceae— Moonseed Family

Menispermum canadense L.

Moonseed; frequent; mesic woods and woods' edge; BSUH 8213.

Monotropaceae— Indian Pipe Family

^Monotropa uniflora L.

Indian pipe; infrequent; mesic woods; BSUH 8214.

Moraceae— Mulberry Family

*^Morus alba L.

White mulberry; infrequent; mesic woods; BSUH 8215.

§Morus rubra L.

Red mulberry; infrequent; mesic woods; BSUH 10459

Nyctaginaceae— Four-O'Clock Family

+ Mirabilis nyctaginea (Michx.) MacMillan

Heart-leaved umbrellawort; rare; County Road 300 West along Wesley

WetArea; BSUH 8217.

Nymphaeaceae— Water-Lily Family

%Nuphar advena (Aiton) Alton f.

Southern pond lily; abundant in Southern Pond; BSUH 8218.

Oleaceae— Olive Family

Fraxinus americana L.

White ash; abundant; mesic woods; BSUH 8219.

Fraxinus nigra Marshall

Black ash; frequent; mesic woods; BSUH 8220.

Fraxinus pennsylvanica Marshall

Green ash; abundant; mesic woods; BSUH 8221.

Onagraceae— Evening-Primrose Family

Circaea lutetiana L. van canadensis L.

Common enchanter's nightshade; frequent; mesic woods; BSUH
8222.

§ Epilobium angustifolium L.

Fireweed; rare; northeast corner of woods' edge along Eaton-

Wheehng Pike; BSUH 8223.



52 Ginn Woods: Ruch, et al Vol. 107 (1998)

Epilobium coloratum Biehler

Eastern willow herb; infrequent; Farmer's Field and marshy area;

BSUH 8224.

Oenothera biennis L.

Common evening primrose; frequent; Wesley Wet Area and woods'

edge; BSUH 8225.

Orchidaceae— Orchid Family

^Aplectrum hyemale (Muhl.) Torr.

Puttyroot; frequent; mesic woods; BSUH 8226.

Triphora trianthophora (Swartz) Rydb.

Three-birds orchid; rare; mesic woods; BSUH 8130.

Orobanchanceae— Broom-Rape Family

§Epifagus virginiana (L.) Barton

Beechdrops; infrequent; mesic woods; BSUH 8227.

Oxalidaceae— Wood Sorrel Family

Oxalis stricta L.

Common yellow wood sorrel; frequent; road's edge, open areas in

mesic woods, and Wesley Wet Area; BSUH 8228.

Papaveraceae— Poppy Family

Sanguinaria canadensis L.

Bloodroot; abundant; mesic woods; BSUH 8229.

Phytolaccaceae— Pokeweed Family

Phytolacca americana L.

Pokeweed; infrequent; Gymnopilus Meadow and east edge; BSUH
8230.

Plantaginaceae— Plantain Family

"^Plantago lanceolata L.

English plantain; frequent; road's edge; BSUH 8231.

^Plantago rugelii Dene.

American plantain; frequent; road's edge; BSUH 8232.

^Plantago virginica L.

Plantain; rare; southwestern corner of Wesley Wet Area; BSUH 8233.

Platanaceae— Plane-Tree Family

§ Platanus occidentalis L.

Sycamore; infrequent; mesic woods; BSUH 8234.
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Poaceae— Grass Family

Cinna arundinacea L.

Common woodreed; frequent; especially along west edge of Southern

Pond and in marshy area; BSUH 8135.

"^Dactylis glomerata L.

Orchard grass; frequent; road's edge, Wesley Wet Area, and Farmer's

Field; BSUH 8235.

^ Echinochloa crusgalli (L.) Beauv.

Barnyard grass; frequent; Wesley Wet Area and Farmer's Field; BSUH
8236.

Elymus hystrix L. {Hystrix patula)

Bottlebrush-grass; frequent; mesic woods; BSUH 8237.

^Elytrigia repens (L.) Nevski

Quack grass; frequent; fields; BSUH 8134.

Festuca elatior L.

Tall fescue; abundant in fields; BSUH 8126.

Festuca subverticillata (Pers.) Alexeev. {F. obtusa)

Nodding fescue; frequent; mesic woods; BSUH 8138.

* Phleum pratense L.

Timothy; frequent; road's edge and fields; BSUH 8238.

"^^Poa pratensis L.

Kentucky bluegrass; frequent; road's edge and Wesley Wet Area;

BSUH 9421.

Poa sylvestris Gray

Forest bluegrass; infrequent; mesic woods; BSUH 8139.

^^Setariafaberi Herrm.

Nodding foxtail; frequent; at south edge of Nixon Woods; BSUH
8239.

^Setaria glauca (L.) Beauv.

Yellow foxtail; frequent; Farmer's Field and Wesley Wet Area; BSUH
8240.

Setaria viridis (L.) Beauv.

Green foxtail; infrequent; Farmer's Field and Wesley Wet Area; BSUH
8241.

Polemoniaceae— Phlox Family

Phlox divaricata L.

Forest phlox; abundant; mesic woods; BSUH 8242.
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§ Phlox paniculata L.

Summer phlox; infrequent; creek banks; BSUH 8243.

Polemonium reptans L.

Spreading Jacob's ladder; frequent; mesic woods; BSUH 8244.

Polygonaceae— Smartweed Family

"^^ Polygonum aviculare L.

Knotweed; infrequent; road's edge; BSUH 8245.

^Polygonum hydropiperoides Michx.

False water-pepper; frequent in Southern Pond; BSUH 8246.

Polygonum pensylvanicum L.

Pennsylvania smartweed; frequent; Farmer's Field and edge of

Southern Pond; BSUH 8247.

§ Polygonum punctatum Elliott

Dotted smartweed; infrequent; marshy area; BSUH 8248.

Polygonum scandens L.

False buckwheat; frequent; woods' edge; BSUH 8249.

Polygonum virginianum L.

Jumpseed; abundant; mesic woods; BSUH 8250.

§Rumex crispus L.

Curly dock; infrequent; road's edge and Wesley Wet Area; BSUH
8251.

Portulacaceae— Purslane Family

Claytonia virginica L.

Spring beauty; abundant; mesic woods; BSUH 8252.

Primulaceae— Primrose Family

Lysimachia ciliata L.

Fringed loosestrife; infrequent; edge of mesic woods along Eaton-

Wheeling Pike and Lily Meadow; BSUH 8253.

§ Samolus floribundus HBK
Water pimpernel; rare; Central Ginn Run south of alluvial plain;

BSUH 8254.

Ranunculaceae— Buttercup Family

^Actaea alba (L.) Miller

Doll's eyes; infrequent; mesic woods; BSUH 8255.

^Anemone virginiana L.

Tall anemone; infrequent; road's edge; BSUH 8256.
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Anemonella thalictroides (L.) Spach

Rue anemone; rare; mesic woods near Southern Pond; BSUH 8257.

§ Clematis virginiana L.

Virgin's bower; infrequent; Lily Meadow and road's edge along

Eaton-Wheeling Pike; BSUH 8258.

Hepatica acutiloha DC.

Sharp-lobed hepatica; frequent; mesic woods; BSUH 8259.

Hydrastis canadensis L.

Golden seal; rare; North Woods (2 patches near Eaton-Wheeling

Pike); BSUH 8260.

Isopyrum biternatum (Raf.) T. & G.

False rue anemone; frequent; mesic woods; BSUH 8261.

Ranunculus abortivus L.

Small-flowered crowfoot; infrequent; road's edge; BSUH 8262.

Ranunculus hispidus Michx. van caricetorum (Greene) Duncan

Hispid buttercup; frequent; mesic woods; BSUH 8263.

Ranunculus recurvatus Poiret

Hooked crowfoot; infrequent; creek bank and alluvial plain; BSUH
8264.

Thalictrum pubescens L.

Tall meadow rue; infrequent; East Meadow and mesic woods; BSUH
8265.

Rosaceae— Rose Family

^Agrimonia parviflora Alton

Southern agrimony; frequent in Wesley Wet Area; BSUH 8266.

Agrimonia pubescens Wallr.

Downy agrimony; frequent; mesic woods; BSUH 8267.

%Amelanchier arborea (Michx. f.) Fern.

Downy serviceberry; rare; mesic woods next to Southern Pond; BSUH
8268.

§ Crataegus mollis (Torr. & Gray) Scheele

Downy hawthorn; infrequent; Wesley Wet Area and woods' edge;

BSUH 8269.

§ Crataegus punctata Jacq.

Dotted hawthorn; infrequent; mesic woods and edge; BSUH 8270.

^Fragaria virginiana Duchnesne

Thick-leaved wild strawberry; abundant; Wesley Wet Area; BSUH
8271.
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Geum canadense Jacq.

White avens; abundant; mesic woods; BSUH 8272.

§ Geum laciniatum Murr.

Rough avens; frequent; Wesley Wet Area; BSUH 8273.

Geum vernum (Raf.) T. & G.

Spring avens; frequent; Wesley Wet Area and Lily Meadow; BSUH
8274.

^Potentilla norvegica L.

Rough cinquefoil; infrequent; Farmer's Field and Gymnopilus

Meadow; BSUH 8275.

Potentilla recta L.

Sulfur five-fingers; infrequent; Wesley Wet Area; BSUH 8276.

Potentilla simplex Michx.

Old-field five-fingers; frequent; east edge; BSUH 8277.

Prunus serotina Ehrh.

Wild black cherry; frequent; mesic woods; BSUH 8278.

Prunus virginiana L.

Choke-cherry; frequent; mesic woods; BSUH 8279.

§+Pyrus malus L.

Apple; rare; east edge north of East Meadow (one tree); BSUH 8280.

*§/?6>5<3 multiflora Thunb.

Multiflora rose; frequent; woods' edge; BSUH 8281.

Rosa palustris Marshall

Swamp rose; rare; Wesley Wet Area; BSUH 8282.

Rosa setigera Michx.

Climbing prairie rose; frequent; Wesley Wet Area and woods' edge;

BSUH 8283.

Rubus allegheniensis T.C. Porter

Common blackberry; frequent; woods' edge and Wesley Wet Area;

BSUH 8129.

Rubus occidentalis L.

Black raspberry; frequent; woods' edge; BSUH 8285.

§ Rubus pensilvanicus Poir.

Pennsylvania blackberry; frequent; woods' edge; BSUH 8286.

Rubiaceae— Madder Family

Cephalanthus occidentalis L.

Buttonbush; infrequent; West Vernal Pool and the edge of Southern

Pond; BSUH 8287.
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Galium aparine L.

Cleavers; abundant; mesic woods; BSUH 8288.

Galium circaezans Michx.

Forest bedstraw; infrequent; mesic woods; BSUH 8289.

§ Galium concinnum T. & G.

Shining bedstraw; frequent; mesic woods and edge; BSUH 8290.

Galium obtusum Bigelow

Bluntleaf bedstraw; frequent; road's edge and mesic woods; BSUH
8291.

Galium triflorum Michx.

Sweet-scented bedstraw; infrequent; road's edge; BSUH 8292.

Salicaceae— Willow Family

§ Populus deltoides Marshall

Cottonwood; frequent; north edge of Wesley Wet Area and mesic

woods; BSUH 8293.

§ Salix discolor Muhl.

Pussy willow; infrequent; north edge of Wesley Wet Area; BSUH
8294.

§ Salix nigra Marshall

Black willow; infrequent; woods' edge and large stand at east end of

Wesley Wet Area; BSUH 8295.

Saxifragaceae— Saxifrage Family

Mitella diphylla L.

Two-leaved mitrewort; frequent; mesic woods; BSUH 8296.

Penthorum sedoides L.

Ditch stonecrop; infrequent; alluvial plain and wet areas in Farmer's

Field; BSUH 8297.

Scrophulariaceae— Figwort Family

^Agalinis tenuifolia (Vahl.) Raf.

Common agahnis; infrequent; Farmer's Field; BSUH 8298.

§ Chelone glabra L.

White turtlehead; rare; marshy area; BSUH 8299.

Collinsia verna Nutt.

Eastern blue-eyed Mary; rare; mesic woods northeast of West Vernal

Pool; BSUH 8300.

§Lindernia dubia (L.) Pennell

False pimpernel; frequent; wet areas of mesic woods and Southern

Pond; BSUH 8301.
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Mimulus alatus Alton

Sharpwing monkey flower; frequent; mesic woods; BSUH 8302.

Mimulus ringens L.

Allegheny monkey flower; frequent; Farmer's Field and edges (plants

bearing white flowers were common in Farmer's Field); BSUH 8303.

§ Penstemon digitalis Nutt.

Tall white beard-tongue; infrequent; woods' edge at marshy area;

BSUH 8304.

* Verbascum blattaria L.

Moth mullein; infrequent; east edge and Farmer's Field; BSUH 8305.

* Verbascum thapsus L.

Common mullein; rare; road's edge; BSUH 8306.

* Veronica arvensis L.

Com speedwell; infrequent; road's edge; BSUH 8307.

§ Veronica catenata Pennell

Water speedwell; rare; marshy area; BSUH 8308.

§ Veronica serpyllifolia L.

Thyme-leaved speedwell; frequent; road's edge and fields; BSUH
8309.

Smilacaceae— Catbrier Family

§Smilax ecirrhata (Engelm.) Wats.

Upright smilax; infrequent; Gymnopilus Meadow and mesic woods;

BSUH 8310.

Smilax herbacea L.

Carrion flower; infrequent; road's edge along Eaton-Wheeling Pike

and east edge; BSUH 8311.

Smilax hispida Muhl.

Bristly greenbrier; frequent; woods' edge and mesic woods; BSUH
8312.

Solanaceae— Nightshade Family

Physalis longifolia Nutt. var. subglabrata (Mackenzie & Bush) Cronq.

Longleaf ground cherry; infrequent; Farmer's Field and east edge;

BSUH 8313.

§ Solanum carolinense L.

Horse nettle; infrequent; Farmer's Field (disturbed areas); BSUH
8314.

"^Solanum nigrum L.

Black nightshade; infrequent; east edge; BSUH 8315.
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Staphyleaceae— Bladder-Nut Family

Staphylea trifolia L.

Bladdemut; frequent; woods' edge; BSUH 8316.

Tiliaceae— Linden Family

Tilia americana L.

Basswood; abundant; mesic woods and edge; BSUH 8317.

Typhaceae— Cat-Tail Family

§ Typha angustifolia L.

Narrow-leaved cattail; rare; north end of Farmer's Field just south of

Lily Meadow; BSUH 8318.

Typha latifolia L.

Common cat-tail; rare; marshy area and southwest corner of the

Wesley Wet Area; BSUH 8319.

Ulmaceae— Elm Family

Celtis occidentalis L.

Northern hackberry; frequent; mesic woods and edge; BSUH 8320.

Ulmus americana L.

American elm; frequent; mesic woods; BSUH 8321.

Ulmus rubra Muhl.

Slippery elm; frequent; mesic woods and edge; BSUH 8322.

Urticaceae— Nettle Family

§ Boehmeria cylindrica (L.) Sw.

False nettle; frequent; mesic woods; BSUH 8323.

Laportea canadensis (L.) Weddell

Wood nettle; abundant; mesic woods; BSUH 8324.

Pilea pumila (L.) Gray

Clearweed; abundant; mesic woods; BSUH 8325.

*§ Urtica dioica L.

Nettle; infrequent; mesic woods, primarily near their edge; BSUH
8326.

Valerianaceae— Valerian Family

Valeriana pauciflora Michx.

Long-tube valerian; infrequent; alluvial plain; BSUH 8327.

Valerianella umbilicata (Sulliv.) Wood
Com salad; infrequent; marshy area; BSUH 8328.



60 Ginn Woods: Ruch, et al Vol. 107 (1998)

Verbenaceae— Vervain Family

Phryma leptostachya L.

Lopseed; frequent; mesic woods; BSUH 8329.

§ Phyla lanceolata (Michx.) Greene

Fogfruit; infrequent; between woods' edge and Southern Pond as well

as east end of West Vernal Pool; BSUH 8330.

Verbena hastata L.

Common vervain; frequent; Farmer's Field and east edge of woods;

BSUH 8331.

Verbena urticifolia L.

White vervain; frequent; east edge of woods, marshy area, and north-

east of road's edge; BSUH 8332.

Violaceae— Violet Family

Hybanthus concolor (Forster) Sprengel

Green violet; infrequent; mesic woods; BSUH 8333.

Viola pubescens Alton

Yellow forest violet; abundant; mesic woods; BSUH 8334.

Viola sororia Willd.

Dooryard violet; abundant; mesic woods; BSUH 8335.

Viola striata Alton

Creamy violet; abundant; mesic woods; BSUH 8336.

Vitaceae— Grape Family

Parthenocissus quinquefolia (L.) Planchon

Virginia creeper; abundant; mesic woods; BSUH 8337.

Vitis riparia Michx.

Riverbank grape; rare; northeast corner of woods on edge next to agri-

cultural field; BSUH 8338.

Vitis vulpina L.

Frost grape; frequent; common along woods' edge and in open areas in

mesic woods (6-7); BSUH 8339.
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ABSTRACT: Exotic and non-indigenous fish species are surviving in tribu-

tary mouths, industrial ports, and the nearshore zone of Lake Michigan. Exot-

ic species have invaded the nearshore and have colonized niches which have

recently been restored. The decline in toxic sediments, efforts to restore Great

Lake harbors, and chemical load reductions from tributaries have enabled

areas previously toxic to sustain viable populations of European and Asian

fishes and non-indigenous North American species. Our field collections dur-

ing 1992-1998 resulted in new distribution records for 6 fishes in the nearshore

of Lake Michigan. New records for exotic species from Europe and Asia

include: grass carp {Ctenopharyngodon idella), rudd (Scardinius erythroph-

thalmus), and round goby {Neogobius melanostomus). In addition, the white

perch (Morone americana), striped bass (Morone saxatilis), and three-spine

stickleback (Gastewsteus aculeatus), all non-indigenous species, have extend-

ed their range into the Grand Calumet River, Little Calumet River, and Lake

Michigan nearshore.

KEYWORDS: Cyprinidae, exotic species, Gasterosteidae, Gobiidae, Moronidae,

non-indigenous species.

INTRODUCTION
The presence of exotic and non-indigenous species in the interior waters of

Indiana has mirrored those of adjacent Great Lakes' States (Mills, et aL, 1993),
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including Illinois (Burr, etaL, 1996), Wisconsin (Becker, 1983), and Ohio (Traut-

man, 1982). Around the turn of the century, goldfish {Carassius auratus) and

carp (Cyprinus carpio) were the first exotic species to become established in

Indiana. Since these initial introductions, numerous reports of the establishment

of exotic and non-indigenous species in Lake Michigan have appeared in region-

al newspapers and the published literature (Mills, et ai, 1993). Johnston

(1991) reported the first record of the three-spined stickleback {Gastewsterus

aculeatus) from Lake Michigan; round goby (Neogobius melanostomus) and

possibly the tubenose goby (Proterirhinus marmoratus), have been reported as

being abundant in southern Lake Michigan (Burr, et ai, 1996); oriental weath-

erfish {Misgurnus anguillicaudatus), an ornamental aquarium fish, has appar-

ently become established in streams in northeastern Illinois (Page and Laird,

1993); grass carp (Ctenopharyngodon idella) has been reported to be firmly

established in the large rivers of the Mississippi and Ohio River systems (Raib-

ley, 1995; Burr, et ai, 1996). Simon and Stewart (in press) report that 60% to

80% of the total number of individuals at some locations in the Lake Michigan

drainage may be non-indigenous or exotic species.

The fishes of the Indiana nearshore zone of Lake Michigan have not been

well studied. In our efforts to investigate the species distribution of fishes in Indi-

ana (Simon, etaL, 1992; Simon, 1992), we evaluated the nearshore zone of Lake

Michigan between 1992 and 1998. Simon, et ai (1992) provided a hst of 199

species known to have existed in Indiana. The addition of five of these new exot-

ic and non-indigenous species increases the number of species known to have

occurred in the State to 204 (Ctenopharyngodon idella was already on the list

(Simon, etaL, 1992, p. 100)).

Fish collection investigations within the nearshore of Lake Michigan includ-

ed surveys by the Indiana Department of Natural Resources that evaluated the

salmonids (Oncorhynchus kisutch, O. mykiss, O. tschawytscha, and Salvelinus

namaycush', Brazo, 1989, 1990), yellow perch (Percaflavescens; Francis, etaL,

1996; McComish, et aL, 1994), and smallmouth bass (Micropterus dolomieu;

Francis, unpubl. data) populations. In addition, researchers at Ball State Uni-

versity have studied the yellow perch population at two sites near Michigan City,

Indiana, for nearly 25 years (McComish, et aL, 1994). The U.S. Army Corps of

Engineers has conducted annual monitoring near the breakwalls of the Federal

Channels (RB. Moy, unpubl. data) near the Indiana Harbor Canal, Port of Indi-

ana, and Trail Creek. Unfortunately, recent efforts in Lake Michigan are inade-

quate both spatially and temporally to provide the necessary monitoring to evaluate

the nearshore fish community.

Our surveys were conducted to develop baseline biological community data

for the nearshore of Lake Michigan. This survey is the most recent attempt to

collect community data for the northwestern Indiana nearshore (Meek and Hilde-

brand, 1910; Gerking, 1945). Our purpose was to document distributional trends

and present locality information for 6 newly discovered species of fish in north-

western Indiana (Table 1).
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Table 1 . New records for exotic and non-indigenous species along the nearshore of Lake

Michigan and its tributaries.

Species County n Collection Sites

Ctenopharyngodon idella Porter 1

Porter 2

Scardinius erythwphthalmus Lake 1

Lake 18

Lake 10

Lake 33

Lake 3

Lake 8

Neogobius melanostomus Lake 15

Lake 1

Gasterosteus aculeatus Lake 2

Lake 20

Lake 20

Lake 8

LaPorte 5

Porter 7

Morone americana Lake 1

Lake 1

Lake 3

Lake 1

1

LaPorte 1

LaPorte 1

Morone saxatilis Porter 4

Little Calumet River, 2 miles southeast of Ogden Dunes,
Ogden Dunes Township, Sec. 31, T37N, R6W

Rice Lake, 2 miles east of Chesterton, Westchester Township,

Sec. 5, T35N, R5W

West Branch of the Grand Calumet River, Hammond, North

Township, Sec. 31, T37N, R9W

West Branch of the Grand Calumet River, East Chicago, North

Township, Sec. 32, T37N, R9W

West Branch of the Grand Calumet River, East Chicago, down-
stream from Indianapolis Boulevard, Sec. 32, T37N, R9W

East Branch of the Grand Calumet River, Broadway Street,

Gary, Calumet Township, Sec. 34, T37N, R8W

East Branch of the Grand Calumet River, Bridge Street, Gary,

Calumet Township, Sec. 36, T37N, R6W

East Branch of the Grand Calumet River, Gary, Calumet
Township, Sec. 36, T37N, R9W

Lake Michigan, Calumet Harbor, Whiting, North Township,

Sec. 25,T38N, RlOW

Lake Michigan, Hammond Marina, Whiting, North Township,

Sec. 31,T37N, R9W

Lake Michigan, Pastrick Harbor, East Chicago, Calumet
Township, Sec. 23, T37N, R9W

Lake Michigan, Buffington Harbor, Gary, Calumet Township,

Sec. 27, T37N, R6W

Lake Michigan, Calumet Harbor, Whiting, North Township,

Sec. 25,T38N, RlOW

Lake Michigan, Indiana Harbor Canal, East Chicago-Whiting,

North Township, Sec. 10, T37N, R9W

Lake Michigan, Washington Park Harbor breakwater, Michi-

gan City, Cool Spring Township, Sec. 20, T38N, R4W

Lake Michigan. Bums Harbor - Port of Indiana, Bums Harbor,

Portage Township, Sec. 18/19, T37N, R6W

Lake Michigan, Calumet Harbor breakwall, Whiting, North

Township, Sec. 25, T38N, RlOW

East Branch of the Grand Calumet River, Bridge Street, Gary,

Calumet Township, Sec. 36, T37N, R6W

Cedar Lake, north-northwestern corner of Cedar Lake, Cedar
Lake Township, Sec. 22, T34N, R9W

Cedar Lake, northeastem comer of Cedar Lake, Cedar Lake
Township, Sec. 23/24, T34N, R9W

Lake Michigan, Michigan City breakwall, Michigan City, Cool

Springs Township, Sec. 20, T38N, R4W

Lake Michigan, Washington Park Harbor, Michigan City, Cool
Springs Township, Sec. 20, T38N, R4W

Lake Michigan, Bums Harbor - Port of Indiana, Bums Harbor.

Portage Township, Sec. 18/19, T37N. R6W
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MATERIALS AND METHODS
Sampling was conducted at 28 locations between 1992 and 1998. A total of

16 locations were sampled in the Lake Michigan nearshore, and 12 locations

were sampled in the Grand Calumet River. Some stations were selected based

on historic collection efforts (Meek and Hildebrand, 1910; Gerking, 1945), and

equal effort was given to both areas (Simon, 1992). At each location, a repre-

sentative sample was collected from the available habitats within a longitudi-

nal distance 15 times the river's width up to a maximum of 500 m for tributaries

and 500 m of shoreline for the Lake Michigan sampling sites (Simon, 1992). The

specimens were collected either using a net while wading, from a boat using var-

ious-sized, Vs-inch mesh minnow seines or pulsed DC electroshocking gear

(T & J Model 1780 DCV, capable of 300 volt output), or by SCUBA diving along

a series of grid transects over a distance of 500 ml

RESULTS AND DISCUSSION

Ctenopharnygodon idella. Grass carp is a species native to Asia that has

been introduced into the United States for vegetation control and management

in small farm ponds and interior lakes. The species was first introduced into

experimental ponds in Arkansas in 1963 and then into the reservoirs and impound-

ments of that State. The species escaped almost immediately and dispersed

into the majority of rivers in Mississippi and Missouri (Pflieger, 1978).

In Indiana, triploid grass carp have been stocked extensively in farm ponds

and some lakes in an effort to control aquatic vegetation. The first Indiana records

of grass carp from portions of the Lake Michigan drainage were from the Little

Calumet River near Portage in Porter County. Staff from EA Science and Tech-

nology collected a single individual (a large adult male) near the outfall of Beth-

lehem Steel in the fall of 1984 (T. Simon, unpubl. data). In 1992, Simon (unpubl.

data) collected specimens from Rice Lake, an impounded tributary of the Little

Calumet River near Chesterton in Porter County. Two large adult specimens, 844

to 1 100 mm total length (TL), were collected from depths of 5 m along an area

with significant amounts of woody debris.

Adult grass carp feed extensively on aquatic macrophytes, algae, and aquat-

ic macroinvertebrates (Robison and Buchanan, 1988; Page and Laird, 1993).

The removal of vegetation and cover for young-of-the-year fishes and the reduc-

tion of waterfowl habitat may cause increased indirect effects on native species.

Grass carp have very specific reproductive requirements; they need large, fast-

flowing rivers where turbulence and flow ensure suspension of their semipelagic

eggs (Lin, 1935). In addition, two days after hatching, their larvae enter a criti-

cal stage when they leave the drift to invade quiet aquatic macrophyte nursery

habitats (Vladimirov, 1975). With the impoundment of most of our major rivers,

researchers assumed that few escaped diploid grass carp would ever reproduce

successfully. Conner, et al (1980) reported the first reproduction of grass carp

from the lower Mississippi River Zimpfer, etal (1987) reported additional repro-

duction from the lower Mississippi, Red, and Atchaflaya Rivers. The successful
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reproduction of grass carp in the lower Illinois River (Raibley, 1995), Missis-

sippi River (Raibley, 1995), Cache River (Burr and Warren, 1993), and Horse-

shoe Lake and its oudet. Lake Creek, in Illinois (Burr, et al., 1 996) has also been

reported. No substantiated reproduction has been documented from the Lake

Michigan nearshore or interior streams of Indiana.

Scardinius erythrophthalmus. The rudd is native to Europe, Asia, and Rus-

sia. The species was imported as bait by the Arkansas fish farming industry (Burk-

head and Wilhams, 1991). The species was subsequendy distributed and stocked

in at least 14 states and has been captured from eight states, including the Kanka-

kee and Des Plaines River drainages in Illinois (Burr, et al, 1996).

In Indiana, the species was first collected from the West Branch of the Grand

Calumet River in 1992. By 1994, the rudd had dispersed into the East Branch of

the Grand Calumet River. Hybrids between the golden shiner and rudd were

collected from the upper five miles of the East Branch. A total of 73 specimens

have been collected over a four year span. A survey of the Grand Calumet River

during 1998 found that rudd were the dominant cyprinid species. It does not

appear that the species has expanded its range outside of the Grand Calumet

River. The species has been prevented from colonizing the Calumet River in Illi-

nois by the low dissolved oxygen content in the West Branch of the Grand Calumet

River (T.R Simon, unpubl. data).

The rudd is a lentic species, occurring in surface and mid-water column. The

rudd is similar to the golden shiner in feeding habits, switching between an insec-

tivorous and omnivorous diet. Burkhead and Williams (1991) provided infor-

mation on the identification of the rudd, their hybrids, and separation from the

native golden shiner.

Neogobius melanostomus. The round goby was first collected from the St.

Clair River near Samia, Ontario, during June 1990 (Grossman, et al, 1992; Jude,

et al, 1992). The species is thought to have been brought into the United States

in ballast water. From the St. Clair River, the species spread into the Detroit

River, Lake Erie, and, recently. Lake Michigan near Calumet Harbor (T.R Simon,

unpubl. data).

The first Indiana specimens were collected in 1994 from Calumet Harbor

(J. Janssen, unpubl. data). Reports that the species has spread throughout the

southern shore of Lake Michigan are unsubstantiated. However, additional sight-

ings have been verified from Hammond Harbor (J. Francis, pers. comm.). Moy
(unpubl. data) collected eight specimens, ranging in length from 57 to 110 mm,
from Calumet Harbor in August 1995 and an additional seven specimens from

Calumet Harbor between August and October 1996. Addidonal surveys are being

conducted by the authors to document the species' distribudon along the Indi-

ana shoreline of Lake Michigan (Simon and Barnes, in prep.).

The round goby's nadve habitat includes coarse gravel, shell, and sand inshore

areas up to 20 m in depth in the Black, Caspian, and Aral Seas (Miller, 1986).

In the St. Clair River, gobies are present over large cobble substrates to a depth

of 3 m and were typically associated with macrophytes (Jude, et al, 1992; Jude,
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et ai, 1995). In Calumet Harbor, round gobies were abundant on cobble and

sandy substrates, although adults were less abundant on sand than were juve-

niles. The disappearance of several native species, including the mottled sculpin

{Cottus bairdi) and logperch (Percina caprodes), is coincident with the arrival

of the round goby. Competition with native species may favor the larger, more

pugnacious round goby (T.R Simon, unpubl. data).

Gasterosteus aculeatus. The three-spine stickleback has a nearly circum-

polar distribution and occurs widely in the Northern Hemisphere in marine and

freshwater habitats. Until recently, the species was believed restricted to waters

below Niagra Falls, but then it was collected in upper Lake Huron and the Straits

of Mackinaw (Smith, 1985). The three-spine stickleback has been collected from

the Lake Erie nearshore near Pelee Island (Burgess and Lee, 1980) and from the

mouth of the Maumee River (Simon, unpubl. data). The species was first col-

lected in Cook County, Illinois, from the Sanitary and Ship Canal, Trident Har-

bor, North Shore Channel, and Calumet River (Johnston, 1991).

We first collected three-spine sticklebacks in late May 1996 from Calumet,

Bums, and Buffington Harbors as well as the Indiana Harbor Canal. A total of

55 specimens, ranging in total length from 53 to 66 mm, were collected along

the breakwalls between May and July 1996. In September 1996, we collected

five three-spine sticklebacks from aquatic macrophyte beds along the rock rip-

rap in Washington Park Harbor, Michigan City. In addition, four large adults

were collected along the revetment wall during SCUBA surveys in Calumet Har-

bor during July 1996.

The three-spine stickleback is commonly collected from nearshore shallows

and is typically associated with aquatic macrophyte beds. The species may be

one of the best-known fishes; an extensive published literature exists account-

ing for every aspect of the species' life history (Wooton, 1976).

Morone americana. The white perch was originally native to the Atlantic

Coast drainage (Burgess, 1980a). The species has dispersed widely through the

Mohawk Valley and Erie Canal into Lake Ontario (Scott and Christie, 1963) and

is now common in Lake Erie and its interior tributaries, especially the Maumee
River (Trautman, 1982; Simon, pers. obs.). Busch, et al (1977) found the first

specimens in Lake Erie in 1975. Savitz, et al. (1989) found the first specimen

taken from Lake Michigan in Belmont Harbor in 1988. By 1990-1991, M. amer-

icana had dispersed into the upper Illinois River and the Lake Calumet system;

in 1992, the species was captured near the mouth of the Illinois River (Burr, et

al, 1996). In addition, the collection of 11 adult and juvenile specimens from

the Calumet River (RM 328-330) in Cook County, Illinois, from early Septem-

ber to early October 1994 revealed that reproduction had occurred there.

To date, the distribution of the white perch in Indiana has been sporadic. The

first record of the species from Indiana waters was a single, 152-mm-TL (Total

Length) specimen collected during June 1993 from along a breakwall in

Michigan City Harbor in LaPorte County. A second specimen, 174 mm TL, was

collected in June 1994 from Calumet Harbor in Lake County. During the fall of
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1995, a specimen about 80 mm in length was observed by Indiana Department

of Environmental Management personnel in the East Branch of the Grand Calumet

River in Lake County during monitoring downstream from Bridge Street (R.

Dufour, pers. comm.). A second specimen was observed during a SCUBA sur-

vey on 12 October 1996 along the harbor barrier wall (inside the northwest

comer) of Washington Park Harbor near Michigan City in LaPorte County (D.

Barnes, unpubl. data). This specimen was about 100 mm in length and was

observed moving between the rock rip-rap adjacent to the Michigan City beach.

A reproducing population occurs in Cedar Lake in Lake County, and a large num-

ber of specimens were collected in the northern half of the lake in 1998.

The white perch spawns in shallow water over a variety of bottom types and

often increases in numbers despite the presence of other established species (Scott

and Crossman, 1973). In addition, the presence of juvenile specimens in mod-

erately disturbed habitats in Indiana, such as the East Branch of the Grand Calumet

River, suggests that these individuals may be transients, opportunistically

moving into new areas. Marcy and Richards (1974) have shown that young-of-

the-year reach lengths of 70 mm by the end of their first year of growth.

Morone saxatilis. The striped bass was originally a marine and estuarine

native of the Atlantic Coast drainage (Burgess, 1980b). The species has been

introduced widely throughout the United States, sometimes as an artificial hybrid

with Morone chrysops (Hardy, 1978), and is now common in the Ohio River and

its interior tributaries, especially the lower Wabash River (Simon, pers. obs.).

The species was first introduced into the Pacific Coast in San Francisco estu-

ary in 1879 and 1882 and has since spread to Vancouver Island, British Colum-

bia, and northern Baja California, Mexico (Scofield, 1931; Shebley, 1917, 1927).

The early life history stages have been collected from Lake Ontario and from

Chesapeake Bay near Havre de Grace, Maryland (Jordan and Eigenmann, 1890;

U.S. Commission of Fish and Fisheries, 1889). The species was not previously

known from Lake Michigan.

The first record from Indiana waters was two specimens about 75 mm in

length which were collected near the breakwall from Bethlehem Steel's discharge

into Lake Michigan at the Port of Indiana during June 1998. Two additional spec-

imens, between 800 and 900 mm in length, were collected from the same loca-

tion in August 1998. Angler reports during the summer suggest that the species

has been observed in Lake Michigan as far east as the Bailey Generating Station

in Porter County (J. Exl, pers. comm.).

The species spawns in fresh, turbid, shallow (0.3 to 6. 1 m) rivers over a wide

variety of bottom types with strong currents (Mansueti and Hardy, 1967; Hardy,

1978). Egg survival often depends on currents at least 30 cm/sec so that the eggs

remain in suspension and often drift at speeds up to 2.06 km/hr (Neal, 1964).

Hybrid striped bass have been stocked into the Calumet River by the State of

Illinois (S. Pescatelli, pers. comm.) and are presumably the source of the fish

that entered Lake Michigan. Clark (1968) and Raney (1952) suggest that females

reach maturity at 432 mm TL and males at 174 mm TL around the end of their

third year of life.
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THE RACCOON CREEK GROUP
(PENNSYLVANIAN)

IN THE SUBSURFACE OF THE
ILLINOIS BASIN

John B. Droste and Alan S. Horowitz
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ABSTRACT: Examination of more than 5,000 subsurface wireline logs in

the southern half of the Illinois Basin indicates that the Colchester Coal is

much easier to recognize basin-wide than the Seelyville Coal. Consequently,

the bottom of the Colchester Coal should be used to mark the top of the Rac-

coon Creek Group in subsurface studies. The Group is more than 1,200 feet

thick in Union County, Kentucky. In the lowest formation of the Raccoon
Creek Group, the Mansfield Formation, seven units are recognizable in the

subsurface.

KEYWORDS: Colchester Coal, Mansfield Formation, Pennsylvanian, Rac-

coon Creek Group, Seelyville Coal.

INTRODUCTION

The Raccoon Creek Group in the Illinois Basin contains the oldest rocks of

the Pennsylvanian System that range in age from Morrowan to Desmoinesian.

The Group is best known from studies along the outcrop belt where various coal-

producing members and a few limestone members or beds have been mapped.

Unlike the younger, basin-extensive, and important commercial coals, the

coals of the Raccoon Creek Group are not commercially important basin-wide

because they are of limited areal extent. An earlier report (Droste and Horowitz,

1995) illustrated the subsurface distribution of part of the Group in Indiana, and

our current report represents an extension of the earlier study farther into the

subsurface of the Illinois Basin.

In Indiana and Illinois, the study area (Figure 1) is south of Township 19

North and between the Second (Indiana) and Third (Illinois) Principle Meridi-

ans. In Kentucky, the study area lies north of the eroded Pennsylvanian outcrop

belt. The control for subsurface data is limited to available well logs on file at

the Indiana Geological Survey. Although approximately 5,000 wells provided

the control for this report, no more than one well per square mile was used in

constructing the thickness maps.

STRATIGRAPHY

The Tri-State Committee on Correlation in the Pennsylvanian System rec-

ommended (Jacobson, et al, 1985) that the top of the Raccoon Creek Group be
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Figure 1 . Map showing the study area.

placed at the top of the Seelyville Coal. We have not been able to identify unequiv-

ocally the stratigraphic position of the Seelyville on geophysical logs from numer-

ous places in Indiana or in neighboring counties in Kentucky and lUinois. Jacobson

(1987) has shown correlations of splits of Seelyville coal beds in Indiana and
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Illinois with splits of Dekoven and Davis coal beds in Kentucky. We believe

the top of the Raccoon Group should not have to depend upon the uncertainty

of correlations among several split coal beds through a stratigraphic interval of

several tens of feet. Greb, Williams, and Williamson (1992) used the base of the

Davis Coal as the top of the Raccoon Creek Group in Kentucky. Our correla-

tions clearly indicate that the Seelyville in both its type area and throughout the

subsurface in Indiana is stratigraphically above the top of the Davis Coal of Ken-

tucky. Consequently, we herein place the top of the Raccoon Creek Group at the

base of the Colchester Coal. This redefinition of the Group concurs with the rec-

ommendation of Hassenmueller and Ault ( 1991 ), who noted that the stratigraphic

position of the Colchester rather than the Seelyville can be made basin-wide with

more certainty. The Colchester generally lies several tens of feet above the

Seelyville (Figure 2). Below the base of the Colchester, the Raccoon Creek Group

in Indiana contains, in descending order, the Staunton, Brazil, and Mansfield

Formations (Figure 2). The thickness of the Group (Figure 3) ranges from less

than 300 feet in Illinois and Indiana to more than 1 ,200 feet in Kentucky.

The stratigraphic position of a number of members mapped in outctop areas

is helpful in subsurface correlations (Figure 2). The base of the Perth Limestone,

or the sandstone that replaces it, marks the bottom of the Staunton Formation,

and the Buffaloville Coal is in the uppermost part of the Brazil Formation. The

base of the Lower Block Coal separates the Brazil Formation above from the

Mansfield Formation below.

Previously, the Mansfield was divided (Droste and Horowitz, 1995) into

three informal units, the upper, middle, and lower divisions. In this study, the

Mansfield has been divided into seven intervals (Figure 3) using an alphabeti-

cal designation from base to top. Maps currently under construction will show

the interval-by-interval depositional limits that document the onlap that occurred

during early Pennsylvanian transgression in the Illinois Basin. Each of the seven

intervals contains a dark gray shale facies, usually at the top of the interval, which

is of regional significance. The upper Mansfield of Droste and Horowitz

(1995) is identical to Mansfield-G of this report. The middle Mansfield is divid-

ed into Mansfield-F (above) and Mansfield-E (below) at the stratigraphic posi-

tion of the Pinnick Coal. The base of Mansfield-E is as much as 30 feet below

the stratigraphic position of the French Lick Coal at its type locality. The top of

Mansfield-D is suspected to be close to the stratigraphic position of the Bell Coal

of Kentucky.

Correlation from outcrop exposures into the subsurface show that at numer-

ous locations a coal bed on the outcrop is replaced in the subsurface by a lime-

stone bed. In an area of southern Vanderburgh County, an unusual net thickness

of limestone occurs in the Brazil and Mansfield-G intervals (Droste and Horowitz,

1995). In this location, approximately 100 feet of the 200 feet of Brazil and Mans-

field-G interval is limestone. In some wells, the interval from Upper to Lower

Block Coal is continuous limestone. In a nearby well, continuous limestone beds

occur from the Mariah Hill Coal to the Lower Block Coal positions.
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Figure 2. Electric log from a well in Vanderburgh County, Indiana, and stratigraphic

nomenclature used in this report. Numbers at the right show the stratigraphic positions

of the following strata: 1 = Colchester Coal; 2 = Seelyville Coal; 3 = Davis Coal; 4 =

Holland Limestone; 5 = Perth Limestone; 6 = Buffaloville Coal; 7 = Upper Block

Coal; 8 = Lower Block Coal; 9 = Mariah Hill Coal; 10 = Blue Creek Coal; 1 1 = Pin-

nick Coal; 12 = St. Meinrad Coal; and 13 = French Lick Coal.
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The lower Mansfield, approximately equivalent to the Caseyville Formation

of Kentucky and Illinois, is divided into four units whose definition is not based

on stratigraphic nomenclature defined on outcrop because only the upper sev-

eral tens of feet of the lower Mansfield reach the outcrop in Indiana. The

Mansfield-A through Mansfield-D, the lower Mansfield of Droste and Purer

(1995), will be discussed in the future based on subsequently gathered subsur-

face data. The details of the Mansfield-A through Mansfield-D ranges in thick-

ness from zero at depositional limits to almost 600 feet in Union County, Kentucky.

Areas where the lower Mansfield is greater than 500 feet thick are shaded in Fig-

ure 4 to illustrate the location of earliest Pennsylvanian deposition.

The area of thick lower Mansfield, extending from Illinois and Kentucky

and a few miles into Indiana, overlies the position of the Evansville Paleoval-

ley. Another thick area in the southeastern part of the study area is related to

the infilling of a paleovalley, but the map pattern shown is tentative. Structural

complexities and limited well control have made correlations more uncertain.

The area of greatest thickness in eastern Illinois may be the result of the devel-

opment of an early Pennsylvanian depocenter in the central part of the Fair-

field Basin.

SUMMARY
The stratigraphic position of the Colchester Coal has much better basin-wide

recognition than the Seelyville Coal, and the base of the Colchester should be

used to mark the top of the Raccoon Creek Group in subsurface studies. The

large variation in thickness of Mansfield-A through Mansfield-D is at least in

part related to the topography of the sub-Pennsylvanian surface. Variation in the

overall rate of subsidence may have resulted in early generation of a distinct

depocenter in eastern Illinois. More detailed surface studies, particularly of Mans-

field rocks, may facilitate the mapping of marine, transition, and non-marine

facies.
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ABSTRACT: A survey of unionid mussels at three sites in Pigeon Creek in

southwestern Indiana was conducted during the fall of 1997. This survey rep-

resents the first published report of unionid mussels from this waterway. Six

species of mussels were collected from Pigeon Creek; Leptodeafragilis, Las-

migona complanata, and Quadrula quadrula were the most common and abun-

dant species. An unpublished survey of the mussels of Pigeon Creek conducted

in 1908 listed five species of unionids. Three of the five species of mussels

collected in that survey, Amblema plicata, Lampsilis teres, and L. siliquoidea,

were not found in the present study. Arcidens confragosus and Q. quadrula

were common to both surveys. Hydrological changes to Pigeon Creek may
be responsible for the differences in the mussel fauna between these two

surveys.

KEYWORDS: Hydrological changes, Pigeon Creek, Indiana, unionid mus-

sels.

INTRODUCTION

The United States harbors a diverse assemblage of freshwater mussels

(Unionacea), representing an estimated 227 species in 44 genera (McMahon,

1991) distributed primarily throughout the Mississippi River drainage and the

river systems of the eastern United States (Neves, 1993). Throughout this cen-

tury, the freshwater mussel fauna of the United States has experienced precipi-

tous declines. Of the nearly 300 species that are recognized, approximately 10%
are presumed extinct and an estimated 20% are federally listed as endangered

or threatened (U.S. Fish and Wildlife Service, 1996).

The factors responsible for the decline of freshwater mussels in the United

States are numerous, yet they typically can be correlated with anthropogenic

impacts, including commercial exploitation (Neves, 1987; Cummings and Mayer,

1992), habitat loss and degradation (Ortman, 1909; Coon, et al, 1977; Neves,

1987), and the invasion of exotic species (Schloesser and Kovalak, 1991 ; Hunter

and Bailey, 1992). Hydrological and ecological changes to freshwater habitats

also have had negative effects on fishes, and Neves (1993) speculates that

these changes could result in the loss of potential fish hosts that are crucial to

the life cycle of most unionids.
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The demise of freshwater mussels is particularly evident in the Midwest. For

example, of the 80 unionid species that have been recorded for Illinois, only 59

species remain (Cummings and Mayer, 1996). Schuster (1988) and Cicerello, et

al. (1991) reported 85 species of unionids for Kentucky, while historical records

have listed as many as 103 species in that State. Although 76 species of mus-

sels have historically occurred in Indiana waters, as few as 50 species current-

ly persist (Anderson, et al, 1993). Moreover, a report by the U.S. Fish and Wildlife

Service (1996) indicated that 12 of the surviving species in Indiana are endan-

gered. The decline of Midwestern mussels is particularly disturbing given the

limited assessment of the current status of the mussel fauna of this region. Many
waterways in the Midwest have not been surveyed adequately, and, even in those

instances in which they have, the checklists of mussels that have been generat-

ed often are based on surveys conducted tens of years ago. Freshwater habitats

in the Midwest are in a position to lose numerous mussel populations, including

threatened or endangered mussel species whose presence and abundance have

never been determined.

Mussel surveys conducted in Indiana often are antiquated, dating back to

the early to middle 1900's (Call, 1900; Daniels, 1903; Goodrich, et al, 1944).

Surveys over the last 30 years have focused primarily on the faunas of larger

rivers, such as the White and Wabash Rivers (Krumholz, et al, 1970; Meyer,

1974) as well as the Ohio River (Taylor, 1979). Although information pertain-

ing to the mussel faunas of small streams (Taylor, 1982; Weilbaker, et al,

1985; Harmon, 1989, 1992) and medium-sized tributaries (Cummings and

Berlocher, 1990) in certain regions of Indiana has increased, the majority of small

streams in southwestern Indiana have not been sampled. In this study, I address

the present status of the mussel fauna of Pigeon Creek, a tributary of the Ohio

River in southwestern Indiana. With the exception of an unpublished report of

mussels collected from Pigeon Creek by Paul Bartsch of the U.S. Bureau of Fish-

eries in 1908, no additional information regarding the mussel fauna of this water-

way is available.

DESCRIPTION OF THE STUDY AREA
Pigeon Creek is situated in the Wabash Lowland Region of southwestern

Indiana. The creek originates in Warrick County near Princeton, Indiana, and

flows south for approximately 64 km before joining the Ohio River at Evans-

ville, Vanderburgh County, Indiana. The headwaters of Pigeon Creek flow through

agricultural lands, while the middle and lower regions flow through areas of

extensive coal mining and the city of Evansville, respectively. The creek is a rel-

atively slow-flowing, turbid stream, whose bottom is composed primarily of

mixed mud with occasional patches of sand and gravel.

Pigeon Creek has occasionally been dredged to improve agricultural drainage

and, as a result, has experienced periods of increased siltation. In addition, the

creek reportedly receives pollution both from the overflow of city sewers and

illegal dumping. Extensive assessments of the water quality of Pigeon Creek
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were conducted in the early 1990's, and, with few exceptions, the levels of inor-

ganics and organics in the creek were within the ranges considered acceptable

by standard water quality criteria. However, coliform bacterial counts were

exceedingly high (more than 75% above the established water quality criterion

of 200 coliforms/100 mL; Burkemier, pers. comm.). While pollution from the

aforementioned sources continues to beleaguer Pigeon Creek, a few attempts

have been made to improve its water quality. Most recently, members of the

Pigeon Creek Greenway Passage have voluntarily removed a substantial amount

of refuse that had been dumped into the lower regions of creek in the city of

Evansville.

MATERIALS AND METHODS
Mussels were sampled at three localities in the lower region of Pigeon Creek

in Vanderburgh County: the canoe launch (87°34'25" W, 38°00' 15" N), Garvin

Park (87°34' 10" W, 37°59'07" N), and under the bridge on Stringtown Road
(87°33'46" W, 38°00'51" N). The canoe launch was sampled on 14 October 1997,

while mussels were surveyed at Garvin Park and the Stringtown bridge on 26

and 28 October 1997, respectively. The sites were approximately three to four

kilometers apart and were chosen primarily because they were easily accessible.

Mussels were collected at each site for approximately one hour. Mussels were

collected by hand and were transported to the laboratory at the University of

Evansville for identification. Dr. Kevin Cummings of the Illinois Natural His-

tory Survey verified the identificadons. In the laboratory, the length of each mus-

sel was measured to the nearest 0. 1 mm using vernier calipers. With the exception

of voucher specimens, the mussels were returned to where they were originally

collected. Voucher specimens have been deposited in the Invertebrate Museum
at the University of Evansville and in the Illinois Natural History Survey Mol-

lusk Collection. A species list with numbers of specimens was submitted to the

Biodiversity and Natural Areas Committee of Indiana.

RESULTS AND DISCUSSION

The three Pigeon Creek collecting sites yielded a total of six species of union-

id mussels (Table 1). A total of 58 mussels was collected during approximately

three hours of sampling. Species prevalence ranged from a low of three species

under the bridge at Stringtown Road to a high of six species from the canoe

launch. The canoe launch site also yielded the highest number of individuals

{n = 30), while the fewest number of individuals was recovered from the String-

town Bridge location {n = 4). The most common species found throughout the

stream were Leptodea fragilis and Quadrula quadrula. One specimen of Arci-

dens confragosus was collected at the canoe launch and represents the only occur-

rence of this species in the present survey. Lasmigona complanata and L. fragilis

were the most abundant species at the canoe launch, accounting for 36.7% and

33.3% of the collection, respectively. The Garvin Park location was dominated

by L. fragilis and Q. quadrula, and these species accounted for 50% and 25% of

the individuals that were collected at that site.
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Table 1 . A list of unionid mussel species recorded from Pigeon Creek at three collect-

ing sites. Included in the table is an unpublished list of mussels reported by Bartch in

1908 from Warrick and Vanderburgh Counties, Indiana. A "+" indicates that the mussel

was present at the site, and a "-" indicates its absence. Values in parentheses indicate the

number of mussels collected at the site during one hour of sampling.

Current Collecting Sites Bartch's

1908

SurveySpecies Canoe Launch Gavin Park Stringtown Bridge

Arcidens confragosus + (1) - - + (?)

Lasmigona complanata + (11) + (1) - -

Leptodea fragilis + (10) + (12) + (1) -

Pyganodon grandis + (2) + (4)
- -

Quadrula quadrula + (5) + (6) + (2) + (?)

Tritogonia verrucosa + (1) + (1) + (1) -

Amblema plicata - - - + (?)

Lampsilis siliquoidea - - - + (?)

LampsHis teres - - - + (?)

In his unpublished report, Bartsch noted that he had collected five species

of unionids from Pigeon Creek in Vanderburgh and Warrick Counties in 1908

(Table 1). Voucher specimens from this survey were deposited in the Smith-

sonian's National Museum of Natural History (NMNH) and the University of

Michigan Museum of Zoology (UMMZ). Arcidens confragosus (NMNH 677551)

and Q. quadrula (UMMZ 66103) were collected in both the present survey and

the survey performed by Bartsch. Three additional species reported by Bartsch,

Amblema plicata (NMNH 677198), Lampsilis teres (NMNH 677201), and Lamp-

silis siliquoidea (NMNH 677063), were not collected in the present survey Unfor-

tunately, Bartsch's unpublished report does not provide information regarding

sample sizes, duration of sampling, and sampling locations, making it difficult

to draw any additional comparisons between these two surveys.

Differences in species composition between the present survey and that of

Bartsch may reflect differences in the sampling locations and/or sampling pro-

cedures used in these two surveys. Additional factors may also have contributed

to the observed differences. Because Pigeon Creek has undergone substantial

changes in water quality since Bartsch's 1908 survey, including an increase in

siltation due to stream channelization and an increase in sewage, agricultural,

mine acid, and landfill run-off (Schultheis, etai, 1987), the observed differences

could quite easily be attributed to any of these conditions. A comparison of the

species that comprise the mussel fauna from these two surveys may lend some

credence to this notion. Although Bartsch reported finding A. plicata or L. teres,

I did not encounter either of these mussels. Both of these species are, based on

field observations, suspected of being intolerant to changes in water quality

(Cummings, pers. comm.). The differences observed between the two surveys
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might also be due to changes in the availability of fish hosts. The potential role

offish hosts in the distribution of these mussels will be difficult to prove. Although

data exist regarding the distribution and relative abundance of potential fish hosts

for A. plicata and L. teres in Pigeon Creek during the 1980's (Schultheis, et ai,

1987), to my knowledge, no comparable data on the availability offish hosts for

these mussels are available from the time of Bartsch's survey. The present sur-

vey encountered species {e.g., L. complanata, Pyganodon grandis, and L.frag-

ilis) that are characteristically associated with disturbed or degraded habitats

(Cummings, pers. comm.). The absence of L. siliquoides from the present sur-

vey represents an exception to this general pattern since this mussel species is

known to be widely dispersed in all types of lakes and streams throughout

Indiana and other regions of the Midwest (Goodrich and van der Schalie, 1944;

Cummings and Mayer, 1992). Obviously, more information regarding the sen-

sitivity or tolerance of the aforementioned mussels to various hydrological changes

would be required before they could be implicated in playing a role in influ-

encing the mussel fauna that inhabits Pigeon Creek.
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ABSTRACT: The respiration of the freshwater mussel Lampsilis siliquoidea

(fatmucket) was monitored during the experimental manipulation of temper-

ature. The oxygen consumed for one hour was measured at water tempera-

tures ranging from 10° to 25° C. Correlation of water temperature and oxygen

consumption shows a direct linear relationship with an overall (2/o of 4.1.

KEYWORDS: Bivalve respiration, Lampsilis siliquoidea, oxygen consumption,

unionid.

INTRODUCTION

Freshwater mussels (Bivalvia: Unionidae) are an integral part of aquatic

communities. Surveys of unionid mussels in North America have documented

declines in species diversity and distributional ranges (Meyer, 1968; Dineen,

1971; Cummings, etal, 1992). Of the 297 native freshwater mussels in the Unit-

ed States and Canada, 11.1% are considered endangered, threatened, or of spe-

cial concern (Williams, etai, 1993). Factors contributing to this decline include

commercial harvest, pollution, siltation (Parmalee, 1967), and the invasion of

the zebra mussel, Dreissena polymorpha (Ricciardi, et al, 1998).

Energy processes, such as oxygen consumption, are indicators of an organ-

ism's overall physiological health (Mehrle and Mayer, 1985) and may also be

important in studies of population health (Huebner, 1982). Hierstand (1938) has

shown that oxygen consumption by aquatic mollusks, including unionids, is rel-

atively uniform from normal saturation levels to low oxygen percentages. Because

mollusks are poikilothermic organisms, the temperature of the water must be

taken into account when evaluating oxygen consumption. Physiological stud-

ies with marine bivalves (Marsden and Weatherhead, 1998; Pilditch and Grant,

1999) indicate that metabolic rates are directly affected by water temperature.

Temperature-induced changes in any rate function can be described by the Q,q,

the factor by which the function changes with a 10° C increase in temperature

(McMahon, 1991).

Lampsilis siliquoidea (= radiata) Barnes (1823) is a common and wide-

spread mussel. This species is distributed throughout the entire Mississippi River

drainage basin and beyond (from western New York to North Dakota and from

Texas and Louisiana to Canada east of the Rocky Mountains (Parmalee, 1967)).
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This mussel is found in rivers, lakes, and small streams and may be locally abun-

dant (Parmalee, 1967; Cummings and Mayer, 1992). The mussel's reproductive

biology (Trdan, 1981), seasonal variation in respiration (Huebner, 1982), habi-

tat selection (Bailey, 1989), and bioassays using artificially cultured juveniles

(Myers-Kinzie, 1998) have all been studied.

Although measuring the physiological responses of freshwater mussels

can yield important information about the condition of the individuals and, by

inference, the population, few studies have addressed these issues. Those stud-

ies that have focused on respiration rates in response to environmental stress

(Kulkarni and Keshavan, 1989; Aldridge, et al, 1987; Naimo, et al, 1992)

have found that respiration can be an important indicator of individual and/or

population health. Because many mussel species are in decline, it is important

to select a test species that is common to serve as a surrogate for other, more rare

species. In this study, I used a common species to establish a baseline for mus-

sel respiration at varying temperatures.

MATERIALS AND METHODS
Adult L. siliquoidea (60 to 74 mm shell length) were collected in July

1994 from Crooked Lake in Noble County, Indiana. Crooked Lake is a mesotroph-

ic lake with a forested nature preserve along part of the shore and moderate

residential development on the remaining shoreline. Mussels were collected from

shallow water along the shoreline next to the nature preserve, and identifica-

tion numbers were etched into their shells. The experiment took place over a

period of three weeks. The same mussels were used for each temperature trial,

and they were returned to the collection area between trials.

At the beginning of each temperature trial, the mussels were transported

immediately after collection to an on-site research facility and placed in respi-

ration chambers that were completely filled with lake water. These respiration

chambers were constructed of Nalgene plastic and were 14.5 cm in height and

11 cm in diameter; their maximum volume was 1.1 liters. All mussels were

observed to be filtering normally before the chambers were sealed and testing

began.

Each temperature trial was done separately. Test time was one hour, and tem-

perature and dissolved oxygen (mg/L) were measured with a YSI 54A oxygen

meter at the start and completion of the test period. Six temperatures ranging

from 10° to 25° C were tested; 15 mussels were tested at each temperature. The

tests (conducted at 18°, 21.5°, 23°, and 25° C) were done with ambient temper-

ature lake water. For the lower temperatures (10° and 15.5° C), the respirome-

ters were placed in water baths to which ice was gradually added until the test

temperature was attained. Tests were conducted outside away from direct sun-

light. A control respirometer containing an empty mussel shell was included at

each temperature, and observations from respirometers in which large air bub-

bles were discovered during the testing period were discarded.
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Table 1 . The mean (± S.E.) respiration rates (mg

O2 /L/g/hr) of Lampsilis siliquoidea tested at

various temperatures.

Temperature ( C) n Mean (± S.E.)

10 11 0.1492 (±0.02)

15.5 11 0.2735 (± 0.03)

18 10 0.4337 (± 0.05)

21.5 15 0.6193 (±0.04)

23 15 0.7701 (±0.06)

25 15 0.9089 (± 0.06)

At the end of the study, the mussels

were sacrificed to determine their dry

weight. All soft tissues were removed

from the shells, dried for two days at

75° C, and weighed on an analytical bal-

ance. The changes in dissolved oxygen

per liter of water were then calculated

on a per gram dry weight basis for each

mussel. Regression analysis was per-

formed on these data, and Qjq values

were calculated.

RESULTS AND DISCUSSION

Respiration increased with temperature (Figure 1) in a direct linear rela-

tionship (r = 0.95) over the temperature range tested. Average rates ranged from

0.149 mg 02/L/g/hr at 10° C to 0.909 mg 02/L/g/hr at 25° C (Table 1). From

these data, the regression equation {y = -0.44757 -1- 0.051685.x) was calculated,

where x represents the water temperature, and y represents oxygen consumption.

During each temperature trial, the dissolved oxygen content of the control respirom-

eters did not change more than ± 0.1 mg/L. The overall Qjq was 4.1.

The physiological processes of aquatic mollusks speed up with increasing

water temperature as expressed by Qjq values. In a study by Pohill and Dimock

(1996), the heart rates of juvenile and adult Utterbackia imbecillis and Pygan-

odon cataracta increased in response to increasing temperature with Qiq val-

ues approaching 4.5. Huebner (1982) studied seasonal variation in the respiration

of Lampsilis radiata (= siliquoidea) in Manitoba, Canada, and found that the

respiration Qjq values averaged 3.3 from 6.5° to 17.5° C and 3.4° from 17.5° to

23.5° C. While the Qjq for the entire temperature range in the present study was

4.1, its value was 3.4 between 15° and 25° C, the same value obtained by

Huebner for temperatures between 17.5° and 23.5° C. Huebner found no rela-

tion between Qiq and animal size or season; however, the Qiq values did indi-

cate an overall high metabolic sensitivity to temperature change. Schneider (1992)

developed a bioenergetics model for D. polymorpha in which the Qjq was esti-

mated at 3.1, indicating that the respiration rates of other freshwater bivalves

respond in a similar manner to that of unionids.

Respiration rates may also be expressed as the amount of the oxygen con-

sumed per unit time on a dry weight basis. Naimo, et al. (1992) found that Lamp-

silis ventricosa had average respiration rates from 0.496 to 0.558 mg 02/L/g/hr

when tested at 20° C. Using the regression equation obtained in the present study,

the calculated oxygen consumption of L. siliquoidea at 20° C would be 0.589

mg 02/L/g/hr, indicating similar respiration rates for the two Lampsilis species.

Huebner (1982) found that respiration (calculated as the amount of oxygen con-

sumed per hour for 5 grams dry weight) increased linearly with temperature up

to 24° C. Respiration rate-temperature curves were similar for both winter and
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Figure 1 . Mean respiration rates of Lampsilis siliquoidea as a function of temperature.

summer mussels, and no significant differences in responses were seen in the

respiration of males and females (Huebner, 1982). Therefore, L. siliquoidea is

suitable to use in studies on mussel respiration rates because season and sex

would not be confounding factors.

Respiration rates could be used to evaluate mussel stress and overall fit-

ness for survival and reproduction. Since L. siliquoidea is a common mussel,

this species could be used as an experimental surrogate for other, more rare,

species occurring at a potentially stressed site. My results would aid in estimat-

ing the effect of water temperature on the mussels' respiration rate when assess-

ing the condition of individuals or populations of these imperiled organisms.
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ABSTRACT: A survey of the distribution and abundance of mammals at

the Newport Chemical Depot, Vermillion County, Indiana, showed that at least

33 species of mammals from 14 families are present in the area, including the

opossum, 2 shrews, 1 mole, 8 bats, 13 rodents, 6 carnivores, 1 rabbit, and

the white-tailed deer. One federally endangered species, the Indiana bat (Myotis

sodalis) is present, and one state species of special concern, the western har-

vest mouse {Reithwdontomys megalotis), a recent immigrant into the State,

has expanded its range to the south and now occurs in the area. Because of its

rich faunal and floral diversity, we recommend that the natural lands of the

Newport Chemical Depot be set aside as a natural area when the plant ceas-

es operations.

KEYWORDS: Mammals, Newport Chemical Depot, Vermillion County, Indi-

ana.

INTRODUCTION
Both the Indiana Academy of Science's Committee on Biodiversity and Con-

servation and the Indiana Department of Natural Resources' Technical Adviso-

ry Committee on Mammals have recommended that the natural areas of Indiana

be surveyed for their biotic diversity. In addition, the Department of Defense has

recommended that areas under its control be surveyed, especially for federally

endangered and threatened species. This study and similar studies at Newport

on fishes (this issue), reptiles and amphibians (this issue), and birds (Chandler

and Weiss, 1996) have been undertaken to partially fulfill these objectives.

The Newport Chemical Depot (formerly the Newport Army Ammunition

Plant) is located southwest of Newport in northern Vermillion County, Indiana.

The depot is a 2,874 ha former munitions manufacturing facility which currently

houses the VX nerve agent in a small section of the plant. The depot has acted

as both producer and/or repository for various military munitions since the early

1940's.

Approximately one-half of the depot is rented as agricultural land. The remain-

der of the Newport Chemical Depot is comprised of natural habitats, consisting

primarily of grasslands and forest with a small amount of marsh and riparian

habitat (Chandler and Weiss, 1996). The majority of the wooded area occurs

along the riparian corridors of Little Vermillion Creek, Jonathon Creek, Little

Raccoon Creek, and their tributaries (Figure 1). Grassy fields border these wood-

ed areas. The large cultivated fields are located mainly in the depot's interior.
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Jonadion
Creek

Newport Chemical Depot

Location in
Vennillion Co.,

Indiana

Fig. 1. Map of Newport Chemical Depot study area, Vermillion Co., Indiana. Dashed

lines indicate the property boundary, and solid lines indicate the position of the

perimeter fence. Little Vermillion Creek, Jonathon Creek, Little Raccoon Creek, and the

unnamed creek are included to indicate riparian and wooded habitats. Locations of snap

traps (•) rats traps (A), live traps (), drift fences (), and mistnet sites (*) are

shown. Also included are roosts A and B of the Indiana bat, Myotis sodalis.

Pinkam, et al (1976) reported 15 species of mammals from the depot (Table

1). Jackson and Whitaker (1987) summarized information on the distribution

and abundance of endangered and threatened plants and vertebrates presumed

present at the depot and within 20 km of its boundaries. They reported that Myotis

sodalis and Felis rufus, federal and state endangered species, respectively, and

two state listed species, Nycticeius humeralis (endangered) and Taxidea taxus

(threatened), were the most likely of the listed species to occur at the depot. These

authors identified 1 3 structures which might provide suitable roosting sites for

bat colonies. They searched each structure but found no bats. PRC Environmental

Management, Inc. (1997), surveyed the area specifically for bats by mistnetting.

They found 6 species, including the federally endangered Indiana bat {Myotis

sodalis). Two Indiana bats were radio-tagged and tracked to two maternity roosts,

one inside and one outside of the depot's perimeter security fence. We under-

took this study to assess the distribution and abundance of these and other mam-
mals at the Newport Chemical Depot.

MATERIALS AND METHODS
A comprehensive survey of mammals was initiated at the Newport Chemi-

cal Depot in 1993-1994 (Whitaker, 1994) and completed in 1998. In addition,
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Table 1. Summary of mammals known from the Newport Chemical Depot.

Pinkam, Combined Surveys, PRC Env., Assessment of

^r a/., 1976" 1993-1994,1998 1997 (bats) of Abundance

Didelphimorphia

Didelphidae

Didelphis virginiania

Insectivora

Soricidae

Blarina brevicauda

Sorex cinereus

Talpidae

Scalopus aquaticus

Chiroptera

Vespertilionidae

Myotis septentrionalis

Lasiurus borealis

Myotis sodalis

Pipistrellus subflavus

Eptesicus fuscus

Myotis lucifugus

Lasionycteris noctivagans

Lasiurus cinereus

Rodentia

Muridae: Sigmodontinae

15

16

16

numerous"

15

10

4

4

4

Peromyscus leucopus •

Peromyscus maniculatus

Reithrodontomys megalotis

111

86

16

4uridae: Arvicolinae

Microtus ochrogaster •

Synaptomys cooperi •

Microtus pennsylvanicus •

Ondatra zibethicus •

157

27

12

2

Muridae: Murinae

Mus musculus • 8

)ipodidae

Zapus hudsonius 8

Common

Common
Common

Common

2 Common
5 Occasional

4 Occasional

3 Occasional

Occasional

1 Uncommon
1 Uncommon
1 Uncommon

Abundant

Abundant

Occasional

Abundant

Common
Common
Rare

Occasional

Uncommon
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Table 1. (continued)

Pinkam, Combined Surveys, PRC Env., Assessment of

etal, 1976=' 1993-1994, 1998 1997 (bats) of Abundance

Sciuridae

Sciurus niger

Tamias striatus

Marmota monax

Spermophilus

tridecemlineatus

Castoridae

Castor canadensis

Lagomorpha

Leporidae

Sylvilagus floridanus

Carnivora

Procyonidae

Procyon lotor

Mustelidae

Mustela frenata

Mephitidae

Mephitis mephitis

Canidae

Canis latrans

Urocyon

cinereoargenteus

Vulpes vulpes

Artiodactlya

Cervidae

Odocoileus virginianus

61

25

2

2

107

105

18

78

4

numerous

Abundant

Abundant

Rare

Rare

2 colonies

Abundant

Common

Uncommon

Occasional

Common
Uncommon

Uncommon

Abundant

"The species Pinkam, et al. ( 1 976) report as present are indicated here with an

Does not indicate total count of individuals but numerous observations.

a special project on bats was carried out in 1997 (PRC Environmental Manage-

ment, Inc., 1997), and data from this study are also included here.

Snapback mousetraps were set at 11 sites in 1993 and at 23 in 1998, giving

a total of 34 traplines. An average of 150 traps was set per site for a total of 15,300
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trapnights. Traps were checked daily for at least 3 days and then removed. The

traps were initially baited with peanut butter and then rebaited with oatmeal on

successive days as needed.

Rat traps were set at 5 sites in 1998 and none in 1994 (Table 2). These

traps were set specifically to capture southern flying squirrels (Glaucomys volans).

An average of 15 traps were set per site. We searched for dead or dying trees

which had obvious cavities and secured traps to their trunks with rope. Some
traps were also set at the base of such trees. Protocol for checking these traps

was identical to that used for the snapback mousetraps.

Livetraps were set at 5 sites in 1993, 8 in 1994, and 10 in 1998 (Table 2). An
average of 14 hvetraps was set per site. Three types of livetraps were used, two

wire frame traps (Tomahawk and Havahart) and one trap constructed to cap-

ture least weasels. Traps were also set for Franklin's ground squirrels (Sper-

mophilusfranklinii) and thirteen-lined ground squirrels (Spermophilus tridecem-

lineatus). Livetrap sites were often maintained and sampled over longer periods

to allow the animals to become familiar with these new additions to their

environment.

A series of pitfall traps and drift fences were set to sample shrews. Traps

(cans or plastic cylinders approximately 20 cm deep x 12 cm wide) were sunk

in the ground with their mouths at the level of suspected travel routes typically

used by shrews. These traps were often set under the bottom edge of a fallen log.

Drift fences were also established (two 2.5 m x 0.6 m rectangular sections of

plywood standing lengthwise on their edges to form a cross) with five pitfall

traps buried per fence. Traps were partially filled with water to quickly drown

trapped animals. These traplines were left in the field for extended periods of

time (often up to two weeks) to increase the chance of capturing animals.

Mistnetting for bats occurred at 12 sites in 1993-1994, 12 in 1997 (PRC
Environmental Management, Inc., 1997), and 10 in 1998 (Table 3), giving a total

of 42 net nights (some sites were sampled multiple times). Thirty by 14 foot nets

were set across streams which had canopy overhead. Bats use streams as fly-

ways and foraging areas and, therefore, are often best sampled at these locations.

Nets were operational from 1930 through 0100 hrs, on average. Bat detectors

were used throughout netting to determine usage of the area by bats. Nets were

checked with a flashlight for the presence of bats each time a call was heard or

once every 5 to 10 minutes. Three known maternity colonies, one of the north-

em myOtis found in 1993 and two of the federally endangered Indiana bat found

during the 1997 bat survey, were monitored for colony size throughout 1997 and

1998. Additional colony counts were conducted by Phillip W. Cox of the New-
port Chemical Depot in 1997.

Direct observation (both by ourselves and depot employees) allowed the doc-

umentation of various species not subject to capture in typical traps (deer, coy-

ote, fox, etc.). The depot employees recorded all sightings of animals from January

through August, 1993. Data from Pinkam, etal (1976), employee reports, and our

own observations from 1993-1994, 1997, and 1998 are summarized in Table 1.



96 Newport Chemical Depot: Veilleux, et al Vol. 107 (1998)

Table 2. Mammals taken at the Newport Chemical Depot by various trapping methods.

Species Number of Individuals Number of Lines

Total Number/ 1 00 TN^ Total Lines (%)

Results from 34 mouse

snaptrap lines

Soricidae

Blarina brevicauda 14 0.41 7 21%
Sorex cinereus 3 0.09 2 6%

Muridae: Sigmodontinae

Peromyscus leucopus 166 3.13 24 71%
Pewmyscus maniculatus 86 1.62 17 50%
Reithrodontomys megalotis 16 0.30 8 24%

Muridae: Arvicolinae

Microtus ochwgaster 156 2.94 23 68%
Synaptomys cooped 27 0.51 9 26%
Microtus pennsylvanicus 12 0.23 5 15%

Muridae: Murinae

Mus musculus 8 0.15 5 15%

Dipodidae

Zapus hudsonius 8 0.15 6 18%

Sciuridae

Tamias striatus 3 0.06 3 9%

Results from 15 livetrap lines

Didelphidae

Didelphis virginiana 9 0.60 5 33%

Muridae

Microtus ochrogaster 2 0.13 2 13%

Sciuridae

Tamias striatus 19 1.27 8 53%
Sciurus niger 1 0.07 1 7%

Leporidae

Sylvilagus floridanus 1 0.07 1 7%

Procyonidae

Procyon lotor 2 0.13 1 7%
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Table 2. (continued)

Species Number of Individuals Number of Lines

Total Number/ 1 00 TN^ Total Lines (%)

Mustelidae

Mustela frenata 2 0.13 2 13%

Mephitidae

Mephitis mephitis 1 0.07 1 7%

Results from 5 rat trap lines

Muridae

Pewmyscus leucopus 5 2.22 4 80%

Sciuridae

Tamias striatus 1 0.44 1 20%

Results from 11 drift

fence/pitfall lines

Soricidae

Sorex cinereus 13 1.18 5 45%
Blarina brevicauda 2 0.18 2 18%

Muridae

Microtus ochrogaster 1 0.09 1 9%

^ TN = Trapnights.

RESULTS

Thirty-three species of mammals (Table 1) were recorded during the stud-

ies conducted in 1993-1994, 1997, and 1998, including one federally endangered

species, the Indiana myotis {Myotis sodalis), and one species of state special con-

cern, the western harvest mouse (Reithrodontomys megalotis).

Didelphimorphia

Didelphidae (Opossums). Opossums (Didelphis virginiania) were common
at the Newport Chemical Depot. Nine individuals were taken in livetraps, and

all were released. Most were captured in the northeastern corner of the plant.

Numerous individuals were observed along roadsides throughout the survey,

including six individuals observed by depot employees.

Insectivora

Soricidae (Shrews). At least two species of shrews are present at the depot.

Sixteen individuals of both the short-tailed shrew {Blarina brevicauda) and
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masked shrew {Sorex cinereus) were captured (Table 1 ) in both wooded habitat

{B. brevicauda, n = 4\ S. cinereus, n = 13) and open areas with dense ground

cover (B. brevicauda, n= 12; 5". cinereus, n = 3). We expect that two additional

shrew species are present, the southeastern shrew (Sorex longirostris) and least

shrew {Cryptotis parvd), although no individuals were taken.

Talpidae (Moles). One species of mole, the eastern mole (Scalopus

aquaticus), occurs at the depot. Although no individuals were captured in

traps, we did observe one individual on the bank of a stream, and numerous run-

ways of this species are found throughout the depot.

Chiroptera

Vespertilionidae (Mouse-Eared Bats). Bats are not abundant at the

depot, probably because of the relatively small amount of scattered woodland

(PRC Environmental Management, Inc., 1997). However, 8 species of bats are

now known to occur there (Table 3).

The most abundant bat mistnetted at Newport was the northern myotis, Myotis

septentrionalis. Seventeen individuals of this species were netted along streams

(Table 3). In addition, on 1 June 1993, a maternity colony of this species was

found in building 121C. At that time, about 100 individuals were present. We
examined building 121C on 7 occasions in 1998 for the presence of northern

bats (Table 4). The maximum number of bats found was 46. On other occasions,

fewer bats were observed, and, on one occasion, only 2 were found, indicating

that the colony must be using multiple roosts during the summer. Bats banded

approximately three miles away at Copperhead Cave (an abandoned clay

mine) have been observed in building 121C, indicating that at least some indi-

viduals from building 121C probably hibernate at Copperhead Cave.

The second most abundant bat at the depot was the red bat, Lasiurus bore-

alis. Fifteen individuals were taken. The red bat is a solitary, migratory species

that lives and has its young among the foliage of trees. One hoary bat {Lasiurus

cinereus) was found dead on plant property in the late summer of 1996.

The federally endangered Indiana bat {Myotis sodalis) was unknown from

the area prior to 1997 when a male and a female were netted along Little Ver-

million Creek near Miller's cemetery and two females were netted along an

unnamed creek just east of State Route 63 (PRC Environmental Management,

Inc., 1997). These two females were equipped with radio-transmitters and

were tracked to two roost trees, one sugar maple {Acer saccharum) within the

depot's north boundary (Roost A) and one slippery elm {Ulmus rubra) jusi out-

side the northeast perimeter's security fence (Roost B; Figure 1). FourM. sodalis

(2 females and 2 males) were captured in 1998. One female was taken along Lit-

tle Vermillion Creek, while the other female and both males were taken along

Little Raccoon Creek, all within the depot's perimeter fence. Dusk counts at

Roosts A and B were conducted in 1997 and 1998 (Table 4). A total of 8 indi-

viduals of M. sodalis was taken in mistnets at the depot.



Vol. 107 (1998) Indiana Academy of Science 99

Table 3. Bats taken by mistnetting (32 sites, 42 net nights) at the Newport Chemical

Depot (data from all surveys combined).

Species Number of Individuals Number of Lines

Total Number/Net Total Lines (%)

Vespertilionidae

Myotis septentrionalis 17 0.40 5 16%
Lasiurus borealis 15 0.36 11 34%
Myotis sodalis 8 0.19 6 19%
Pipistrellus subflavus 7 0.17 5 16%

Eptesicusfuscus 4 0.10 3 9%
Lasionycteris noctivagans 1 0.02 1 3%
Myotis lucifugus 1 0.02 1 3%

Table 4. Dusk counts of northern myotis in storage building 121C and Indiana myotis at

two roost sites (A and B) near the north fence at the Newport Chemical Depot.

Northern Myotis Indiana Myotis Indiana Myotis

Date at Building 121C at Roost A at Roost B

1997

June 6 22^

June 11 2P 16*

June 18 20"

June 28 33"

July 31 50"

1998

May 18 30

June 1 18 9

June 22 2 5

June 23 7

June 26 16

July 17 13

July 20 31

July 21

August 17 27

August 18 43

August 19 36

September 9

HUounts conducted by PRC Environmental Management, Inc. (1997).

"Counts conducted by Phillip W. Cox of the Newport Chemical Depot.
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The eastern pipistrelle (Pipistrellus subflavus) was taken 7 times during

the survey. One pregnant female was radio-tagged and tracked to a shagbark

hickory (Garya ovata) where it was found roosting in a cluster of dead leaves

with one other bat. Although we think most pipistrelles roost in trees, this is the

first verified record of female pipistrelles doing so.

Four big brown bats {Eptesicus fuscus) were taken in 1994. This species

most commonly roosts in man-made structures and is rarely found in tree cavi-

ties. Of the 10 species of bats still present in Indiana, E. fuscus is the only one

believed not to be undergoing a population decline.

The little brown bat {Myotis lucifugus) was captured just once during the

survey in 1997 (PRC Environmental Management, Inc., 1997). This species is

common in Indiana and, during the summer, is mosdy associated with man-made

structures.

One silver-haired bat {Lasionycteris noctivagans) was captured on 6 June

1997 (PRC Environmental Management, Inc., 1997). This migratory species

summers to the north of Indiana and winters from central Indiana southward.

This individual was taken on 6 June 1997 and was probably a late migrant.

Rodentia

Muridae: Sigmodontinae (New World Mice). The most abundant species

of small rodent at Newport was the white-footed mouse, Peromyscus leucopus.

One hundred seventy-one individuals of this species were taken at 24 of 34 snap

trap sites and 4 of 5 rat trap sites (Table 2). Peromyscus leucopus is an abun-

dant species throughout Indiana (Mumford and Whitaker, 1982). Although main-

ly a woodland species, we found individuals in both woodland and grassy fields

throughout the Newport Chemical Depot.

The deer mouse {Peromyscus maniculatus) is widely distributed across the

State, especially in cultivated and sparsely grassy habitats (Mumford and Whitak-

er, 1982). The deer mouse was common at the depot although not as abundant

as P. leucopus or Microtus ochrogaster. Eighty-six individuals of Peromyscus

maniculatus were caught at 17 of 34 snap trap sites (Table 2). This species was

most abundant in natural grassy and cleared agricultural fields.

The western harvest mouse (Reithrodontomys megalotis) is present in rela-

tively low numbers. Sixteen individuals were captured at 8 of 34 snap trap sites

(Table 2). These captures extend to the south the known distribution of this species

in Indiana. Harvest mice were taken mainly in the southern and southeastern

parts of the depot, where their primary habitat, grassy field, is most common
(Mumford and Whitaker, 1982).

Muridae: Arvicolinae (Voles). The prairie vole {Microtus ochrogaster) is

abundant in Indiana (Mumford and Whitaker, 1982) and was captured almost as

frequently as P. leucopus at the depot (Table 1). This vole was present at 23 of

34 snap trap sites and 2 of 15 live trap sites, resulting in a sample of 157 indi-

viduals. This species was taken primarily in grassy fields, its preferred habitat

(Mumford and Whitaker, 1982).
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The southern bog lemming (Synaptomys cooped) is often difficult to cap-

ture as it is generally not attracted to trap bait (Mumford and Whitaker, 1982).

Nevertheless, we captured 27 individuals at 8 of 34 snap trap sites (Table 2). The

preferred habitat of S. cooperi is grassy fields with green vegetation, and we
found this species exclusively in such habitat. We also observed its distinctive

bright green pellets in grassland runways at six sites.

The meadow vole {Microtus pennsylvanicus) is apparendy uncommon at the

depot. We caught 12 individuals at 5 of 34 snap trap sites (Table 2). Meadow
voles are common throughout the northern two-thirds of Indiana, especially in

moist grassy fields, but occur less abundantly in the southern one-third of the

State (Mumford and Whitaker, 1982). One would expect higher numbers of M.

pennsylvanicus at the depot as adequate habitat (moist grassy fields, fence row,

and fallow fields) exists. Meadow voles undergo periodic population cycles,

reaching population "highs" every 3-4 years. This species may have been at

the low phase in its population cycle during our survey.

Two muskrat {Ondatra zibethicus) sightings were reported by plant per-

sonnel (Whitaker, 1994). We did not observe any muskrats during our survey

and believe the species is uncommon in the area.

Muridae: Murinae (Old World Mice). The house mouse {Mus musculus),

an introduced species from the Old World, was the least common murid rodent

found at the depot. We captured 8 individuals at 5 of 34 snap trap sites (Table

2). This species is common in Indiana, where the mouse is found most often in

man-made structures and cultivated fields with much grassy cover (Mumford

and Whitaker, 1982). One specimen was captured in a grassy field.

Dipodidae (Jumping Mice). The meadow jumping mouse (Zapus hudso-

nius) is uncommon at the depot. We trapped 8 individuals at 6 of 34 snap trap

sites (Table 2). All individuals of this species were trapped in an old field, its

preferred habitat (Mumford and Whitaker, 1982). Eight of the 34 snap trap

sites were set prior to the emergence of Z hudsonius from hibernation in late

April, partially explaining its relatively low abundance.

Sciuridae (Squirrels and Their Allies). The most common sciurid rodent

observed at the depot was the fox squirrel (Sciurus niger). Although only one

individual was captured in a livetrap, numerous individuals were observed in the

depot's woods, including 61 reports by depot employees.

The eastern chipmunk (Tamias striatus) is also common at the site. Twen-

ty-three individuals were captured, 19 from 8 of 15 livetrap sites, 3 from 3 of 34

snap trap sites, and 1 from 1 of 5 rat trap lines (Table 2). Eastern chipmunks were

commonly observed in wooded areas of the depot throughout the survey, includ-

ing 2 reports by depot security guards.

Two individuals of the woodchuck {Marmota monax) were reported by plant

personnel. This species is a rare resident at the depot.

Castoridae (Beaver). We observed a recently constructed beaver dam and

two individual beavers {Castor canadensis) at the pond created by the dam (Fig-

ure 1). In addition, four depot employees reported beavers at the small pond pro-
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duced by the dam. We assume the population is relatively small, consisting most

likely of two colonies. The second colony is located south of the former RDX
burning grounds where a Clemson Beaver Pond Leveler has been constructed.

Lagomorpha

Leporidae (Rabbits and Hares). The only rabbit occurring at the depot is

the eastern cottontail, Sylvilagus floridanus . One individual was captured in a

livetrap, we observed numerous individuals, and the Newport security guards

reported 105 sightings, indicating that this species is very common at the

depot.

Carnivora

Mephitidae (Skunks). During our survey, one striped skunk {Mephitis mephi-

tis) was caught in a livetrap, and we observed one live individual. In addition,

sixteen reports of M. mephitis were made by plant personnel.

Mustelidae (Weasels and Their Allies). The long-tailed weasel {Mustela

frenata) was taken three times at the depot, two in 1993-1994 (Whitaker, 1994)

and 1 in 1997 (the individual caught in 1997 was taken during a separate research

project by the first author; Tables 1, 2). This species should be relatively com-

mon in the area as suitable habitat and prey species are available.

Procyonidae (Raccoons). The raccoon (Procyon lotor) is common at the

Newport Chemical Depot. Two individuals were captured in livetraps, and many

individuals were observed throughout the plant during the survey, including 103

reports by depot security guards.

Canidae (Dogs, Foxes, and Coyotes). The coyote {Canis latrans) is abun-

dant at the depot. We observed numerous individuals while driving through the

area and heard many calls during evening survey work. One was observed cap-

turing a Microtus during winter in patchy, heavy grass.

Both the red fox (Vulpes vulpes) and gray fox (Urocyon cinereoargenteus)

were reported by plant personnel (5 and 4 individuals, respectively). Each species

is most likely an uncommon resident, possibly due to competition with the increas-

ing population of coyotes.

Artiodactyla (Even-Toed Hoofed Mammals)

Cervidae (Deer and Their Allies). The white-tailed deer (Odocoileus vir-

ginianus) is abundant at the depot. We observed individuals throughout the

survey from nearly all areas. The depot allows hunting to help control the deer

population.

Other Species of Mammals

Eight species that could reasonably occur at the depot were not document-

ed during this survey. The southeastern shrew (Sorex longirostris) and least shrew

(Cryptotis parva) should occur on site. The Norway rat (Rattus novegicus), south-

ern flying squirrel (Glaucomys volans), and pine vole {Microtus pinetorum)
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would also seem to be probable residents. The least weasel {Mustela nivalis) and

mink {Mustela vison) are believed to occur at the depot. Also, there is a remote

possibility that the bobcat (Lynx rufus) may be found as limited habitat is avail-

able, and this species has been on the increase in recent years. One bobcat was

taken in adjacent Parke County two miles northwest of Bridgeton between Big

Raccoon and Little Raccoon Creeks on 30 December 1987.

Three species of mammals not verified during this survey were reported by

Newport personnel. These species include the badger (Taxidea taxus), gray squir-

rel {Sciurus carolinensis), and thirteen-lined ground squirrel (Spermophilus tride-

cemlineatus). The presence of these three species needs verification. In addition,

3 house cats and 4 domestic dogs were observed in the area.

DISCUSSION

The natural areas at the Newport Chemical Depot provide excellent habitat

for a diverse group of mammals. At least thirty-three species of mammals from

fourteen families are represented, including one federally endangered species

{Myotis sodalis) and one species of special concern in Indiana {Reithwdonto-

mys megalotis). The many stands of forest provide excellent habitat for many
woodland species and roosting habitat for bats. Old field and grassland provide

habitat for many rodent species, including the western harvest mouse. Both habi-

tat and prey diversity provide the resources necessary for the maintenance of

healthy predator populations.

The depot has a directive to dispose of the VX nerve agent by 2007 in accor-

dance with the Prohibition of Chemical Weapons Treaty. Once the nerve agent

has been ehminated, the installation will begin to close. The information gained

from this study will be useful in making recommendtions for its ultimate use

when the depot ends operation. The depot is a large, biologically valuable area,

and the site is close to Indiana State University which has a strong ecology

program. Therefore, we recommend that the natural lands at the depot be per-

manently set aside as a natural area when the depot ends operations.
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ABSTRACT: A survey of the distribution and abundance of amphibians

and reptiles was conducted at the Newport Chemical Depot in northern Ver-

million County, Indiana. Based on trapping, hand-collecting, observation, and

anuran breeding call surveys, thirty species of amphibians and reptiles have

been recorded at the depot to date. We observed 15 species of amphibians and

15 species of reptiles. The most common amphibians in approximate order of

decreasing abundance were: the spring peeper {Pseudacris crucifer), western

chorus frog {Pseudacris triseriata), American toad {Bufo americanus), Fowler's

toad (Bufo woodhousii), green frog (Rana clamitans), small-mouth salaman-

der (Ambystoma texanum), and pickerel frog {Ranapalustris). The most com-

mon reptiles in order of decreasing abundance were: the northern water snake

{Nerodea sipedon), eastern box turtle (Terrapene Carolina), snapping turtle

{Chelydra serpentina), and black rat snake (Elaphe obsoleta). No federal or

state listed species have been observed at the Newport Chemical Depot to

date. The depot has a variety of habitats and is rich in wildlife species. We rec-

ommend that the natural areas of the depot be protected when the facility ends

operations in the near future.

KEYWORDS: Amphibian, Newport Chemical Depot, reptile, Vermillion

County, Indiana.

INTRODUCTION

The Newport Chemical Depot (formerly the Newport Army Ammunition

Plant) in northern Vermillion County, Indiana, once produced military munitions,

but the depot currently functions solely as a storage facility for VX nerve

agent. The stockpiled nerve agent is to be disposed of by neutralization by

2007 in accordance with the Prohibition of Chemical Weapons Treaty. The Indi-

ana Academy of Science's Committee on Biodiversity and Conservation and the

Indiana Department of Natural Resources' Technical Advisory Committee on

Mammals have recommended that natural areas in Indiana be surveyed to record

their biotic diversity. Furthermore, the Department of Defense has directed that

areas under its control be surveyed, especially for at-risk species. This study as

well as our other studies on mammals and fishes (this issue) and the study of

Chandler and Weiss (1996) on birds meet this objective.

In an earher survey, Pinkham, et al. (1976) recorded seven species of amphib-

ians and one species of reptile at the Newport Chemical Depot (Table 1). Jack-

son and Whitaker (1987) and Whitaker ( 1 994) listed the species of reptiles and

amphibians likely to occur in the area. Nine species were regarded as potential-
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Table 1 . Amphibians and reptiles known from the Newport Chemical Depot, Vermillion

County, Indiana. Data taken from Whitaker ( 1 994) and the current survey.

Pinkham

elai. 1976

Estimate by

Chorus Count

Number Taken in

Minnow Traps

Number of Individuals

Hand Caught/Observed

Estimate of

Abundance

Amphibia

Ambystomidae

Ambystoma texanum 189 10 Abundant

Plethodontidae

Plethodon glutinosus

Plethodon cinereus

Einycea bislineata •

1

3

2

Uncommon
Uncommon
Uncommon

Hylidae

Psuedacris crucifer

Pseudacris triseriata •

Acris crepitans •

Hyla crysoscelis

5000+
3000+
20
10

27
12

1

Abundant
Abundant
Uncommon
Uncommon

Bufonidae

Bufo americanus •

Bufo woodhousii

1000+
10

31 90 Abundant
Uncommon

Ranidae

Rana clamitans •

Rana palustris

Rana catesbeiana

Rana utricularia •

Rana sylvatica •

190

80
70
60

7

22

8

1

4
7

3

Common
Common
Uncommon
Uncommon
Uncommon

Reptilia

Chelydridae

Chelydra serpentina 3 Uncommon

Emydidae

Terrapene Carolina •

Chrysemys picta

14 Abundant
Common

Scincidae

Eumeces fasciatus
Eumeces laticeps

1

1

Uncommon
Uncommon

Colubridae

Nerodia sipedon

Elaphe obsoleta

Storeria dekayi

Thamnophis sirtalis

Coluber constrictor

Thamnophis sauritus'

Lampropeltis calligaster^

Heterodon platirhinos""

Diadophis punctatus"

Carphophis amoenus'

10 5

3

1

1

Abundant
Common
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon

' Species observed on depot property by Joseph R. Burdick, an employee of the depot, but not verified by the

authors.
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Newport ChLemical Depot

/^ Location in

Vennillion Co.
Indiana

Fig. 1. Map of the Newport Chemical Depot study area, Vermillion Co., Indiana. Dashed

lines indicate the property boundary, and solid lines indicate the position of the perime-

ter fence. Locations of minnow trap sites in 1998 are represented by triangles, and anu-

ran chorus listening sites in 1994 and 1998 are represented by circles.

ly present, four state endangered and five state special concern species, respec-

tively: the northern crawfish frog (Rana areolata), four-toed salamander (Hemi-

dactylium scutatum), eastern mud turtle {Kinosternon subrubrum), Kirtland's

snake (Clonophis kirtlandii), northern leopard frog (Rana pipiens), plains

leopard frog (Rana blairi), mudpuppy (Necturus maculosus), western ribbon

snake (Thamnophis proximus), and rough green snake (Opheodrys aestivus). We
undertook the present study to assess the distribution and abundance of reptiles

and amphibians at the depot. The information contained in this study will be use-

ful when making land management recommendations upon closing the site.

DESCRIPTION OF THE STUDY AREA
The Newport Chemical Depot (Figure 1) is located on the Tipton Till

Plain. Due to the Illiniosan and Wisconsinan glaciations (Jackson and Whitak-

er, 1987), the area is mainly flat although the land does slope to the north toward

the Little Vermillion River and to the east toward the Wabash River. The plant

encompasses 2,874 ha, the majority of which are enclosed within a security fence.

Half of the acreage consists of cultivated fields of corn and soybeans; two thirds

of the remainder represents forest and riparian habitats; and the last third includes

developed areas, grasslands, brushy fields, and small marshes. The habitats sur-

rounding the depot consist primarily of additional agricultural fields as well as

wooded areas bordering local rivers and creeks.
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Four streams are found on depot property (Figure 1). Little Vermillion Creek

is located in the north-central portion of the plant and flows to the north before

emptying into the Little Vermillion River Little Vermillion Creek flows most of

the spring but, except for isolated pools, dries by the end of July. Little Raccoon

Creek is found in the southeastern comer of the plant and flows southward, con-

necting with Buck Creek approximately 2.5 km south of the depot. Little Rac-

coon Creek sustains some flow throughout the year Jonathan Creek runs through

the northwestern corner of the plant. This creek flows to the north throughout

the spring but drys up by early July. An unnamed creek located outside of the

perimeter fence, but on plant property, flows east of State Route 63 and emp-

ties into the Wabash River.

Old-field habitat consists of abandoned agricultural areas in later succession

dominated by tree seedlings, shrubs, and vines. The most common plant species

are planted larches, maples, and pine as well as mutliflora rose, poison ivy, and

various grasses and sedges. Woodland habitat is located primarily along the

creeks. The woodland in the north-central sector is dominated by oak and hick-

ory and, in the central, southern, and southeastern sectors, by sugar maple, ash,

tulip tree, basswood, beech, and elm (Jackson and Whitaker, 1987).

Marsh areas are found in the south-central portion of the plant around the

6200 holding and beaver ponds (Figure 1). Only the beaver pond retains water

throughout the year. Dominant plants in these areas are willows, rushes, and

occasional silver maples.

MATERIALS AND METHODS
Most collections were made inside the depot's fenced boundary, primarily

in areas around water sources where amphibians and reptiles should be most

prevalent (Figure 1). Data from 1993-1994 (Whitaker, 1994) and 1998 were com-

bined for this report. In 1998, approximately 20 hours were devoted to turning

over logs and stones along creeks and in the woods to search for salamanders.

Eight hand collecting trips were made: two at Little Vermillion Creek, two at

Little Raccoon Creek, and one at the unnamed creek, beaver pond, cattle pond,

and each of the ephemeral ponds. These collections were made after rains dur-

ing the spring and summer
Minnow traps were used at 9 sites (total trapnights = 696; Figure 1) in

1998 to collect animals from small ponds and slow-running streams: Site 1, the

cattle pond (six traps from 7 to 16 March; 2 traps from 22 March to 27 May; 1 14

total trapnights); Site 2, the beaver pond (1 trap from 7 to 16 March; 2 traps from

22 March to 17 July; 80 total trapnights); Site 3, the 6200 holding pond (6 traps

from 22 March to 17 July; 204 total trapnights); Site 4, Little Vermillion Creek

(1 trap from 18 April to 17 July; 20 total trapnights); Site 5, a culvert at the

point where Little Raccoon Creek exits the plant (1 trap from 14 April to 17 July;

21 total trapnights); Site 6, the drainage ditch near the intersection of 15"" and

Broadway Streets (5 traps from 7 to 16 March; 50 total trapnights); Site 7, the

slow stream near Central Avenue (1 trap from 7 to 16 March; 3 traps from 22

I
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March to 9 July; 109 total trapnights); Site 8, an ephemeral pond near EE
Street (4 traps from 22 March to 25 April; 72 total trapnights); Site 9, a culvert

near the intersection of West and North Streets (1 trap from 22 March to 17 July;

26 total trapnights).

In 1993-94, frog choruses were heard at 15 sites (Whitaker, 1994; Figure 1).

Those sites were re-examined in 1998 (Figure 1). The sites were visited for at

least two nights each year for 20 minutes per night to determine the species pres-

ent and to estimate the abundance of each species at each site. Seasonal varia-

tion in approximate chorus abundance per species was tabulated (Table 2). Snakes

were searched for during all phases of the survey, and special attention was paid

to roads, roadsides, and other surfaces that snakes might use as sunning sites.

RESULTS

Fifteen species of amphibians (4 salamanders and 1 1 frogs and toads) and

10 species of reptiles (3 turtles, 5 snakes, and 2 lizards) were observed at the

Newport Chemical Depot. An additional 5 species of snakes were observed by

Joseph R. Burdick of the Newport Chemical Depot, bringing the total number

of amphibian and reptile species present at the depot to 30.

Amphibia: Caudata (Salamanders)

Ambystomidae (Mole Salamanders). The small-mouth salamander

(Ambystoma texanum) was common at the depot. One hundred and ninety-nine

small-mouth salamanders were taken in minnow traps between 8 March and

20 April 1998. The majority (124) were taken at the catde pond (Figure 1). We
had anticipated that other species ofAmbystoma would be taken, particularly the

dger salamander (A. tigrinum), since that species is common in the area (Minton,

1972). None were found.

Plethodontidae (Lungless Salamanders). Whitaker (1994) found three

plethodontids at the plant: the two-lined salamander (Eurycea bislineata), red-

backed salamander (Plethodon cinereus), and slimy salamander (Plethodon gluti-

nosus). Each of these species was found along the unnamed creek east of the

depot (Figure 1).

Amphibia: Anura (Frogs and Toads)

Hylidae (Tree Frogs). The most abundant hylids observed were the spring

peeper {Pseudacris crucifer) and western chorus frog (Pseudacris triseriatd).

Large choruses of each species were heard. Choruses were heard from 28 Feb-

ruary to 4 May 1998 (Table 2). The cricket frog {Acris crepitans) and Cope's

gray tree frog {Hyla chrysoscelis) were found in low numbers. One cricket frog

chorus was heard on 2 June 1998, and one Cope's gray tree frog chorus was heard

on 16 June 1998 (Table 2).

Bufonidae (Toads). The American toad {Bufo americanus) was abundant

at the depot. Large choruses were heard at all ponds between 28 March and 6

May 1998 with peak activity at the 6200 holding pond. Individuals were regu-
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Table 2. Amphibian numbers for traps and chorus estimation numbers by date (1998)

from the Newport Chemical Depot, Vermillion County, Indiana (L = low numbers

(1 to 10 individuals); M = moderate numbers (10 to 50 individuals); and H - high num-

bers (> 50 individuals)).

Month Feb. Mar. Apr. May June July Aug. Sept.

Days 15-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 Total

N 2 3 5 3 3 6 4 2 4 4 6 1 3 1

Ambystomidae

Ambystoma texanum Trap

Plethodontidae

Plethodon cinereus Trap

Eurycea bislineata Trap

129 63

Hvlidae

Psuedacris crucifer Trap 13 7 3 1 3

Chorus IL IM 3M, IL IL

9H

Pseudacris triseriata Trap 9 3

Chorus IM, 2M IM, 2L,

IH 12H IM

Acris crepitans Trap

Chorus

Hyla crysoscelis Trap

Chorus

Bufonidae

Bufo americanus Trap

Chorus

Bufo woodhousii Trap

Chorus

Ranidae

Rana clamitans Trap

Chorus

Rana palustris Trap

Chorus

Rana catesbeiana Trap

Chorus

Rana utricularia Trap

Chorus

Rana sylvatica Trap

Choru.s

23 7

IL, IM
2M,
2H

IM

IM

9 10 5

2L IM IL

4 1 3

IL IL

2 1

IM

IL

IL

2 2 3

IL, IM IL 2L
2M

IL IL

IL

1 1

199

3 3

2 2

27

39

29

larly taken in minnow traps. Fowler's toad {Bufo woodhousii) was found in

low numbers on 16 June 1998 in a wooded area along Little Raccoon Creek.

Ranidae (True Frogs). The most common ranid at the Newport Chemical

Depot was the green frog {Rana clamitans; Table 1). Choruses were heard

from 4 May to 9 July 1998. The pickerel frog {Rana palustris) was also abun-

dant at the plant. Most individuals were observed at the shallow 6200 holding

pond located in the south-central portion of the plant (Figure 1). The first pick-
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erel frogs were observed on 17 March and the last were heard on 2 May 1998.

Three additional ranids occurred in low numbers at the depot. The southern leop-

ard frog (Rana utricularia) was heard in low numbers. Moderate choruses of the

southern leopard frog were heard on 28 March 1998 and a small chorus on 16

June 1998. Eight individuals were captured in minnow traps at the 6200 hold-

ing pond and beaver pond between 13 April and 11 May 1998. The bullfrog

(Rana catesbeiana) was uncommon at the depot. Small choruses were heard

on three occasions along small streams in wooded areas. The first chorus was

heard on 27 May and the last on 4 July 1998. Four wood frogs {Rana sylvatica)

were captured in 1998. This species is uncommon at the depot.

Reptilia: Testudinata (Turtles)

Emydidae (Box and Water Turtles). The eastern box turtle {Terrapene Car-

olina) was the only turtle reported by Pinkham, et al. (1976). Numerous indi-

viduals were observed throughout the depot between 20 May and 8 August 1998.

The earliest sightings were in wooded areas and along roads, while later sight-

ings were along streambeds where the turtles were often found lying in shal-

low water. The eastern painted turtle (Chrysemys picta) was reported by Whitaker

(1994), but no individuals were observed in 1998.

Chelydridae (Snapping Turtles). Three snapping turtles (Chelydra ser-

pentina) were observed at the Newport Chemical Depot in 1998. One was seen

in a drainage ditch filled with water which connected to the beaver pond, and

two large individuals were observed in a shallow pool along Little Vermillion

Creek.

Reptilia: Squamata: Lacertilla (Lizards)

Scincidae (Skinks). Two species of skink were found at the depot. One broad

headed skink (Eumeces laticeps) was observed on a tree in a wooded area near

the north-central section of the perimeter fence, and one five-lined skink {Eume-

ces fasciatus) was observed in a second growth woods near the east-central

entrance to the depot.

Reptiha: Serpentes (Snakes)

Colubridae (Common Snakes). Ten colubrids have been documented at

the plant. The northern water snake {Nerodia sipedon) was the most common.

Fifteen individuals were observed in 1998. Most were caught in minnow traps

set at Little Raccoon Creek, Little Vermillion Creek, and the 6200 holding and

beaver ponds. Three black rat snakes {Elaphe obsoleta) were observed in 1998.

One was found in old-field habitat near the center of the plant; two others were

observed along roadsides. One eastern garter snake {Thamnophis sirtalis), one

black racer {Coluber constrictor), and one Dekay's snake (Storeria dekayi) were

also found at the depot. The garter snake was caught in a minnow trap placed

at the beaver pond in 1998. The Dekay's snake was found dead on a roadside

near the unnamed creek (Whitaker, 1994). Five additional species were observed
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by J.R. Burdick of the Newport Chemical Depot (Whitaker, 1994), including the

eastern ribbon snake {Thamnophis sauritus), worm snake {Carphophis amoenus),

northern ringneck snake (Diadophis punctatus), eastern hognose snake (Het-

erodon platirhinos), and prairie king snake {Lampropeltis calligaster). The prairie

king snake should be verified as there are few records from near this locality

(Minton, 1972).

DISCUSSION

The Newport Chemical Depot provides habitat for at least fifteen species of

amphibians and fifteen species of reptiles along creeks, in wooded areas, and

at ephemeral and permanent ponds. Data (Whitaker (1994) and the current study)

show an additional eight species of amphibians and fourteen of reptiles present

at the depot which were not reported by Pinkam, et al. (1976). One salamander

(Plethodon glutinosus), one turtle (Chrysemy picta), and six snakes (Coluber

constrictor, Thamnophis sauritus, Lampropeltis calligaster, Heterodon platyrhi-

nos, Diadophis punctatus, and Carphophis amoenus) reported by Whitaker (1994)

were not observed in 1998.

Other amphibians which could logically occur by virtue of their range and

habitat preference which were not observed during this survey include: the east-

em newt (Notophthalmus viridescens), tiger salamander {Ambystoma tigrinum),

spotted salamander {Ambystoma maculatum), Jefferson's salamander {Ambystoma

jejfersonianum), marbled salamander {Ambystoma opacum), zig-zag salaman-

der {Plethodon dorsalis), and longtail salamander {Eurycea longicauda). Four

amphibians were reported as potentially present by Jackson and Whitaker (1987).

Crawfish frogs {Rana areolata) could occur at the depot but should have been

heard if present. The four-toed salamander {Hemidactylium scutatum) is proba-

bly absent as this species is now confined mainly to the northern edge of Indi-

ana. The Rana pipiens group (leopard frogs) has been revised; the leopard frog

present at the Newport Chemical Depot is the southern leopard frog {Rana utric-

ularia). The mudpuppy {Necturus maculosus) may also be absent as this species

inhabits bigger streams and deeper water than exist at the depot.

Reptiles not found but which occur in the vicinity and for which proper habi-

tat exists are: the eastern milk snake {Lampropeltis triangulum), black king snake

(L. getulus), northern redbellied snake {Storeria occipitomaculata), and western

fox snake {Elaphe vulpina). The following four species of reptiles were listed as

potentially present by Whitaker (1994). The western ribbon snake {Thamnophis

proximus) and rough green snake {Opheodrys aestivus) were not found, but they

are probably present. The eastern mud turtle {Kinosternon subrubrum) as well

as Kirtland's snake {Clonophis kirtlandii) are probably absent due to the lack

of proper habitat; these two species are also uncommon in the area.

Frogs, like neotropical migrant birds and certain bat species, appear to be

undergoing population declines. However, many frog and bird species at New-

port have good populations, and, additionally, the federally endangered Indi-

ana bat occurs on site. Large areas where these and other life forms can thrive
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should be preserved, and Newport is such an area. In addition, good baseline

data on all the vertebrates of this area are available—birds (Chandler and Weiss,

1996) as well as mammals and fishes (this issue). Therefore, the depot could be

used for future comparisons during later studies of vertebrate population changes.

The information gained in this study will be useful in making recommen-

dations for the future of the Newport Chemical Depot when the VX nerve

agent is disposed of and the plant closes. The depot is a large, biologically

valuable area, and we recommend that its natural areas be set aside to help pre-

serve the biological diversity of the region once operations end.
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ABSTRACT: Thirty-two species of fishes are known from the Newport Chem-
ical Depot, Vermillion County, Indiana (including its Little Raccoon Creek

easement): the American brook lamprey (Petromyzontidae), gizzard shad (Clu-

peidae), 13 species of minnows (Cyprinidae), five species of suckers (Catosto-

midae), two species of catfishes (Ictaluridae), five species of darters (Percidae),

3 species of sunfish and the largemouth bass (Centrarchidae), and mottled

sculpin (Cottidae). The most abundant species are the red-bellied dace {Phox-

inus erythrogaster), creek chub (Semotilus atromaculatus), black-nosed dace

{Rhinichthys atratulus), silveijaw minnow (Notropis buccatus), central stoneroller

{Campostoma anomalum), orangethroat darter {Etheostoma spectabile), com-

mon white sucker {Catostomus commersoni), green sunfish {Lepomis cyanel-

lus), and bluntnose minnow {Pimephales notatus). No federal or state listed

species of fish has been observed at the Newport Chemical Depot to date.

KEYWORDS: Fishes, Newport Chemical Depot, Vermillion County, Indi-

ana.

INTRODUCTION

Both the Indiana Academy of Science's Committee on Biodiversity and Con-

servation and the Indiana Department of Natural Resources' Technical Adviso-

ry Committee on Mammals have recommended that the natural areas of Indiana

be surveyed for their biotic diversity. The Department of Defense has also rec-

ommended that areas under its control be surveyed, especially for federally endan-

gered and threatened species. This study and similar studies at Newport on the

mammals (this issue), reptiles and amphibians (this issue), and birds (Chandler

and Weiss, 1996) were undertaken to partially fulfill these objectives.

The Newport Chemical Depot (formerly the Newport Army Ammunition

Plant) is located in northern Vermillion County, Indiana, and is a former muni-

tions manufacturing facility covering 2,874 ha. The depot has acted as both pro-

ducer and/or repository for various military munitions since the early 1940's and

currently stores VX nerve agent. The VX must be disposed of by 2007 in

accordance with the Prohibition of Chemical Weapons Treaty.

Approximately half of the plant is in agricultural land. The remainder is cov-

ered by natural habitats, mostly grassland and forest, but with some ponds and

a small amount of marsh (Chandler and Weiss, 1996). The main part of the plant

is fenced and contains three small streams, offering habitat to freshwater fish-

es. The depot also includes part of an unnamed stream running toward the Wabash
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Fig. 1. Map of Newport Chemical Depot study area, Vermillion Co., Indiana. Dashed

lines indicate the property boundaries, and solid lines indicate the position of the perime-

ter fence. Location of major seining areas are included as shaded areas: Little Vermil-

lion Creek, Jonathon Creek, Little Raccoon Creek, and the unnamed creek. The beaver

pond and 6200 holding pond are shown to indicate minnow trap sites (see text). The Lit-

tle Raccoon Creek easement is also shown, which extends further south.

River east of State Route 63. In addition, the depot has easement rights for 388

ha of land that includes Little Raccoon Creek (Figure 1).

Two previous surveys in this area yielded a total of 19 species of fishes (Table

1). Gammon, etal (1974) collected 10 species in Little Raccoon Creek, approx-

imately 6.5 km south of the depot. Bender and Pearson (1975) reported sixteen

species of fishes from the Newport Chemical Depot. Whitaker (1994) listed four

species, two state endangered and two of state special concern, respectively, as

potentially present: Notropis ariommus, Etheostoma camuram, Moxostoma valen-

ciennesi, and Ammocrypta pellucida. Notropis ariommus is currently listed as

extirpated from Indiana. Ammocrypta pellucida was present earlier in Vigo Coun-

ty (Whitaker and Wallace, 1973) but had not been seen in the County in a num-

ber of years until two were taken in Prairie Creek in 1999. We undertook this

study to assess the distribution and abundance of the fishes present at the New-
port Chemical Depot.

STUDY SITE

Habitat for fishes consists of four main water courses: Little Vermillion

Creek, Little Raccoon Creek, and Jonathon Creek within the fenced area and
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Table 1. Summary of the fishes taken in or near the Newport Chemical Depot.

Whitaker (1994) and Current Study

LRC
Easement'

Bender &
Pearson'

L. Raccoon Jonathon L.Vermillion

Creek Creek Creek

Unnamed
Creek Totals'

PETROMYZONTIDAE

iMmpetra appendix

CLUPEIDAE

Dorosomo cepedianum

CYPRINIDAE

Phoxinus erythrogaster

Semotilus atromaculatus

Rhinichthys atratulus

Campostoma anomaliim
Notropis buccatus

Luxilus cht-ysocephalus

Pimephales notatiis

Lythrurus umbratilis

Notropis stramineus

Cyprinella spiloptera

Notropis atherinoidesa

Phenacobius mirabilis

Cyprimis carpioa

CATOSTOMIDAE

Catostomus commersoni
Carpiodes velifer

Hypenteliiim nigricans

Moxostoma erythrurum

Moxostoma duquesnei

ICTALURIDAE

Ameiiirus melas"

Ameiurus natalis"

PERCIDAE

. Etheostoma spectabile

Etheostoma nigrum
Etheostoma flabellarea
Etheostoma blennioides

Percina caprodes

CENTRARCHIDAE

Lepomis cyanellus""

Micropterus salmoides

Lepomis macrochirus

Lepomis gulosus

COTTIDAE

20
11

65

1837 114 1633 3584
691 311 1485 384 2871

1482 60 154 236 1932

130 39 128 428 725
188 381 136 705
55 15 2 27 99
89 4 93
60 60
9 9
9 1 3 1 7

6

4
6

4
3 3

139 60 63 1 263
12 12

3 1 4
1 2

1

1 4
1

49 21 370 16 456
58 3 2 63
11

3

11

3

5

1

118

3 3 6
1 2 1 4

Cottus bairdi • 40 1 41

Total Species

Total Individuals

10

125

16

?

22
4859

17

1029
15

3984
9

1101

32"

11170^

"Species taken only on the depot's Little Raccoon Creek easement or reported by Bender and Pearson
(1975).
"1 Ameiurus melas and 1 13 of 1 18 Lepomis cyanellus were taken in minnow traps set at two ponds (Figure

1).

"Totals include individuals from Whitaker ( 1 994) and the current study.

"Total number of species known to date from the study area.
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an unnamed creek east of State Route 63 which is also part of the depot (Figure

1). Each of these streams is relatively small, averaging approximately 5 m in

width and typically under Vz m in depth. As the creeks branch outside the

depot, they tend to increase in width and, at some points, reach nearly 10 m. The

depth remains relatively constant. The bottom types associated with these creeks

include sand/silt, gravel, and stone. The current is moderate in late spring and

early summer. Flow becomes much slower toward late summer as water levels

decrease, and, ultimately, the creeks become dry except for isolated pools, aver-

aging 2-4 m in width and up to 1 m in depth.

MATERIALS AND METHODS
Sixteen seine collections were made in 1993-1994 (Whitaker, 1994) and 135

in 1998. Four areas were seined in 1993-1994, and 3 of those 4 were seined again

in 1998 (Little Vermillion Creek, Little Raccoon Creek, and Jonathon Creek).

The number of seinings per area varied according to the area's size and location:

94 collections were made along Little Vermilhon Creek; 38 collections along

Little Raccoon Creek; 17 collections along Jonathon Creek; and 2 collections

along the unnamed creek.

Of the 16 collections made in 1994, 11 were from outside the depot's perime-

ter fence but within 2.5 km of the site. All collections were made on depot prop-

erty or on land under easement rights. The majority of the collections made in

1998 (1 12 of 135) were from within the perimeter fence; therefore, all were made

on depot property.

Collections were made using a 15- or 30-foot, 74-inch mesh seine. A few

fishes were collected in minnow traps set for salamanders at a beaver pond and

at a man-made pond (6200 holding pond) on depot property.

RESULTS

A total of 32 species of fishes has been taken to date from the Newport Chem-

ical Depot and its Little Raccoon Creek easement (Table 1). Four of these species,

Etheostoma flabellare, Notropis atherinoides, Cyprinus carpio, and Ameiurus

natalis, have not been taken in the depot proper but were captured only in the

Little Raccoon Creek easement downstream from the depot. The 16 species

reported by Bender and Pearson (1975) included 2 species, the warmouth

(Lepomis gulosus) and the American brook lamprey (Lampetra appendix), not

taken on depot property during the current study. In addition, the yellow bull-

head (Ameiurus natalis) was collected by Gammon, et al (1974) in the Little

Raccoon Creek easement but was not observed during the current survey.

The Fish Species

Petromyzontidae (Lampreys). The American brook lamprey (Lampetra

appendix) was reported by Bender and Pearson (1975) but was not taken on depot

property by Whitaker (1994) or in 1998. One specimen was taken in the Little

Vermillion River near the depot in 1994 (Whitaker, 1994).
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Clupeidae (Herrings). The gizzard shad (Dorosoma cepedianum) was

uncommon at Newport; just one individual was observed in Little Raccoon Creek.

The gizzard shad is a river species and should rarely be found in the small streams

at Newport.

Cyprinidae (Minnows). Thirteen species of cyprinids were found during

the present study, the most abundant being the redbelly dace (Phoxinus ery-

throgaster; 3,584 individuals), creek chub (Semotilus atromaculatus\ 2,871),

blacknose dace {Rhinichthys atratulus\ 1,932), central stoneroller {Campostoma

anomalum; 725), silverjaw minnow (Notropis buccatus; 705), striped shiner

{Luxilus chrysocephalus\ 99), and bluntnose minnow (Pimephales notatus; 93).

Of these, the creek chub, blacknose dace, stoneroller, and striped shiner occurred

in all four streams, whereas the redbelly dace and silverjaw minnow occurred in

all but the unnamed creek. Four of these species (the creek chub, central stoneroller,

silverjaw minnow, and bluntnose minnow) are among the most abundant cyprinids

in adjacent Vigo County (Whitaker and Wallace, 1973); the redbelly and blac-

knose dace are found only in northern Vigo County west of the Wabash River:

and the striped shiner is localized about Otter Creek in northern Vigo County

(Whitaker and Wallace, 1973).

The spotfm shiner (Cyprinella spiloptera) is common in Vigo County (Whitak-

er and Wallace, 1973), and we were surprised that it was not more common at

Newport. Both the redfin shiner {Lythrurus umbratilis) and suckermouth min-

now {Phenacobius mirabilis) occur in relatively low numbers in Vigo County

and, likewise, at the Newport Chemical Depot. River species such as the emer-

ald shiner {Notropis atherinoides), sand shiner {Notropis stramineus), and com-

mon carp {Cyprinus carpio) were taken in low numbers at the plant because of

the small size and intermittent nature of the streams.

Catostomidae (Suckers). Five species of suckers have been found at or near

Newport, but the common white sucker {Catostomus commersoni) was the only

common one. White suckers were found in all four streams. We were surprised

that more northern hog suckers {Hypentelium nigricans) were not taken as they

are common in Vigo County (Whitaker and Wallace, 1973). The species oiMox-

ostoma and Carpiodes are larger stream or river species, explaining their low

abundance.

Ictaluridae (Catfish). Only two individual ictalurids were taken at the New-

port Chemical Depot. A black bullhead {Ameiurus melas) was taken in a min-

now trap in a beaver pond in the center of the study area (Figure 1 ), and a yellow

bullhead {Ameriurus natalis) was taken in the Little Raccoon Creek easement

by Gammon, et al. (1974). Surprisingly, the brindled madtom {Noturus miu-

rus) was not taken although it occurs in the rocky streams of this area. The mad-

tom's absence is probably a result of the intermittent nature of the streams.

Percidae (Darters and Perch). Five species of percids were observed at

Newport. The orangethroat darter {Etheostoma spectabile) and johnny darter

(Etheostoma nigrum) were the two most widespread and abundant. These two

species were also the most common darters in adjacent Vigo County (Whitaker
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and Wallace, 1973). We observed low numbers of fantail darters (Etheostoma

flabellare) and greenside darters {Etheostoma blennioides). These species are

both inhabitants of rocky-bottomed streams, and their presence is due to the

abundance of this habitat at Newport. We observed one log perch {Percina

caprodes) in Little Raccoon Creek. The log perch is not abundant in adjacent

Vigo County (Whitaker and Wallace, 1973), and its distribution at Newport is

probably limited both by the small size and intermittent nature of the streams.

Centrarchidae (Sunfishes and Bass). Three species of centrarchids were

taken during our studies: the bluegill {Lepomis macrochirus), green sunfish {Lep-

omis cyanellus), and largemouth bass {Micropterus salmoides). All are common
in the larger streams of Vigo County, but none are small stream species, explain-

ing their low numbers at the depot. Most (113 of 118) of the green sunfish were

caught in minnow traps in a beaver pond and man-made pond (6100 holding

pond). The warmouth {Lepomis gulosus) was reported by Bender and Pearson

(1975), but this species was not taken during our survey.

Cottidae (Sculpins). The mottled sculpin {Cottus bairdi) is relatively abun-

dant at Newport, a reflection, in part, of the amount of stony bottom stream habi-

tat. Whitaker and Wallace (1973) did not report this species from Vigo County,

and its distribution in Indiana is concentrated in the northern and eastern por-

tions of the State (Gerking and Lagler, 1945).

DISCUSSION

The four streams differed somewhat in species diversity. The numbers of

established species in each (as indicated by ten or more individuals being taken)

are summarized in Table 2. Fourteen of 22 species taken in Little Raccoon Creek

were well-established species. Since Little Eagle Creek was the largest creek

in terms of length sampled, greater habitat variation might be the reason for the

greater number of species. The presence of eight transient species indicates the

constant movement of individuals into smaller streams, giving plenty of oppor-

tunity for the establishment of additional species should conditions change.

Jonathon Creek and Little Vermillion Creek each had the same eight well-

established species, indicating the similarity of these two streams. The 6 estab-

lished species that dropped out from the community at Little Raccoon Creek

were: 2 minnows {Pimephales notatus and Lythrurus umbratilus), 2 darters

{Etheostoma nigrum and E. flabellare), 1 sucker {Carpiodes velifer), and the

sculpin {Cottus bairdi). A few johnny darters, blunt-nosed minnows, and a sculpin

were taken in Little Vermillion Creek, and 3 johnny darters were taken in Jonathon

Creek.

The unnamed creek, the smallest of the four streams in terms of both width

and depth, contained the fewest species (9) and the lowest number of well-estab-

lished species (6). Eight species that were well established in at least one of the

other streams were not taken here. The unnamed creek differed from the other

three in having less variation in bottom substrate; it was the only stream with a

mostly rocky, flat bottom. Also, only two collections were made from this stream.
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Table 2. Well-established species (10 or more individuals taken) in each stream at the Newport Chemical

Depot, Vermillion County, Indiana. A number indicates the species' presence, but less than 10 individuals were

taken. Data are from Whitaker (1994) and the current survey.

Streams

Species Unnamed Jonathon Little Vermillion Little Raccoon

Creek Creek Creek Creek

Semotiliis atwmaculatus

Phoximis erythrogaster •

Rhinichthys atratidus

Campostoma anomalum
Luxilus chrysocephaliis

Etheostoma spectabile

Catostomus commersoni 1

Notropis biiccatus

Etheostoma nigrum 3 2

Pimephales notatus 4

Cottiis bairdi 1

Notropis umbratilis

Carpiodes velifer

Etheostoma flabellare

Number of Collections 2 17 94 39

Total Species 9 17 15 22

Established Species 6 8 8 14

which, coupled with low habitat variation, probably explains the low species

diversity.

As previously noted. Gammon, et ai (1974) found one yellow bullhead

{Ameiurus natalis) 6.5 km south of the depot in Little Raccoon Creek. Bender

and Pearson (1975) found 2 species at Newport which were not found during

the present study— the warmouth (Lepomis gulosus) and American brook lam-

prey (Lampetra appendix). The warmouth is most abundant in permanent ponds,

and the American brook lamprey typically inhabits large, clear creeks and small

rivers. We would not expect either species to occur in the shallow streams in and

near the depot.

A few species which were not found in the immediate vicinity of Newport

were found downstream in Little Raccoon Creek or in its tributary, Buck Creek,

which enters Little Raccoon Creek over 6.5 km downstream from the plant. Four

samples were taken in nearby Buck Creek (Whitaker, 1994), two by Whitaker

via seining and two by Thomas Simon of the Environmental Protection

Agency in 1994 using an electroshocker. The creek chubsucker (Erimyzon

oblongus\ 2 individuals) and yellow bullhead {Ameiurus natalis; 5 individuals)

were taken in Buck Creek. The yellow bullhead was taken only in the Little Rac-

coon Creek easement, probably because of the small size and intermittent nature

of the streams at Newport. Other species taken in Buck Creek were (in decreas-

ing order):
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Cyprinidae: the creek chub (197 individuals), cental stoneroller minnow (156),

redbelly dace (74), blacknose dace (73), silverjaw minnow (65), bluntnose

minnow (54), and common carp (9);

Catostomidae: the white sucker (21);

Percidae: the orangethroat darter (60), johnny darter (25), and fantail darter

(9);

Centrarchidae: the green sunfish (1); and

Cottidae: the mottled sculpin (1).

Newport has relatively little diversity in its fish fauna—only 32 species. In

contrast, 56 species have been taken at another locality. Otter Creek, in Vigo

County. Nevertheless, an interesting fish community exists at the depot,

including the redbelly dace, blacknose dace, and mottled sculpin. The depot may
serve as a possible refuge for these and other species as man's impact on the

environment continues to result in habitat loss, fragmentation, and degrada-

tion. No federal or state Hsted fish species have been observed at the depot to

date.

A necessary ingredient in preserving biodiversity is the setting aside of large

natural areas. The 2,874 ha which make up the Newport Chemical Depot pro-

vide an opportunity to do exactly that. We recommend that once the military

completes its mission, the portions of the Newport Chemical Depot that currendy

are natural habitats be set aside as a natural area/preserve.
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ABSTRACT: Floristic surveys of Saugany Lake were conducted during the

growing seasons of 1996 through 1998 to determine the distribution and abun-

dance of submerged, emergent, and free-floating aquatic plant species. Forty-

nine species in 33 genera were identified from 24 families. The localities for

each identified species were mapped. Each species was assigned an overall

relative abundance rank based on a mean score which incorporated the total

area covered by the species and its total number of occurrences. Plant fami-

lies exhibiting the greatest diversity were the Potamogetonaceae (nine species),

Cyperaceae (six species), and Lemnaceae (four species). Among the species

collected, four are state-listed, and three are non-native. The floristic quality

index (I) of the lake was 44, and the mean coefficient of conservatism (Q was

6.6. These values indicate that the lake represents a natural community with

high species richness. In addition to the floristic quality index and mean coef-

ficient of conservatism, the attached checklist provides baseline data for future

monitoring of the aquatic plant species of Saugany Lake.

KEYWORDS: Aquatic macrophytes, floristic quality assessment, Indiana

flora, Saugany Lake, species diversity.

INTRODUCTION

Comprehensive floristic investigations of ponds, lakes, and streams in Indi-

ana are rare despite concerns over eutrophication and the large number of aquat-

ic vascular plant species listed as endangered, threatened, or rare in the State.

Aquatic macrophytes are an integral component of aquatic ecosystems (Sculthor-

pe, 1967; Hutchinson, 1975; Carpenter and Lodge, 1986) although their impor-

tance in the maintenance of ecological integrity is seldom acknowledged (but

see Scheffer and Jeppesen, 1998).

Assessments of the trophic status and integrity of deep-water habitats most

commonly rely on surveys of planktonic organisms. Studies have shown that

aquatic macrophytes are important determinants of zooplankton (S0ndergaard

and Moss, 1998), phytoplankton (Jeppesen, etal., 1998), and macroinvertebrate

diversity and abundance (Cyr and Downing, 1988; Sagova, et ai, 1993). The

distribution offish species is also often closely correlated with both invertebrate

assemblages and submerged aquatic plant communities (Randall, et al, 1996).

If we are to better understand the functioning of lake ecosystems, more effort
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should be directed toward making detailed assessments of aquatic macrophyte

communities in lakes of varying trophic status.

In this paper, we present a comprehensive inventory of the aquatic vegeta-

tion of Saugany Lake with specific reference to species richness, distribution,

and abundance. An assessment of the floristic quality of the lake in terms of its

native floral significance is also presented. No previous surveys of the aquatic

plants of Saugany Lake were available, in part, because the lake does not have

a public access. Information from this study will provide basehne data for future

monitoring of one of Indiana's most pristine and finest lakes.

MATERIALS AND METHODS
Study Area. Saugany Lake, located in northeastern LaPorte County, Indi-

ana (4r43'20" N, 86°34'47" W), is a relatively small, but rather deep, ther-

mally stratified lake, occupying only 29.9 ha and having a maximum depth of

19.9 m (Figure 1). Like the majority of lakes in this region, Saugany Lake was

formed during the Wisconsinan glacial period when a melting ice block left

behind a depression on the outwash plain of the retreating glacier. This spring-

fed lake is almost completely surrounded by homes. Limited information is avail-

able on the water quality of Saugany Lake since both the Indiana Department of

Environmental Management and the Indiana Department of Natural Resources

conduct only limited testing on private lakes. The watershed is small, and the

lake has an outlet along its eastern shore which drains to Hudson Lake, the Kanka-

kee River, and, eventually, the Mississippi River. An inlet to the northeast receives

runoff from part of Interstate 80. Winter road salt intrusion in runoff from the

toll road is a potential environmental concern for the lake. Physical data obtained

from the Indiana Department of Environmental Management (undated) sug-

gest that Saugany Lake is a Class One lake, indicating that it is rated as one of

the least eutrophic lakes in Indiana. In 1995, the lake had a Secchi disk trans-

parency of 5.9 m, a specific conductance of 416 ^is/cm, and a pH of 7.5. The total

alkalinity (expressed as ppm CaCOg) for the lake was measured at 69.5. In

contrast to lakes of similar size in LaPorte County, total nitrates (0.05 ppm)

and total phosphates (0.04 ppm) are relatively low (G. White, pers. comm.).

The soils surrounding Saugany Lake are primarily of two distinct types (Furr,

1982). Histosols and Aquolls comprise the soils of the north shore from site 9 to

site 20 (Figure 1), whereas Riddles Loam is found along much of the southern

shore. Histosols and Aquolls are deep, poorly drained soils in which black, decom-

posed organic material overlies sandy loams. Riddles Loams are soils that are

well drained and that have formed in loamy glacial till. In general, the lake bot-

tom is sandy; however, at the north end of the lake, the bottom is mucky with

substantial organic matter accumulation in the marshy emergent zone.

Aquatic Plant Survey. Comprehensive surveys were conducted over a peri-

od of three years, spanning from 1996 through 1998. One survey was complet-

ed each year and consisted of bimonthly sampling of 24 sites (Figure 1) during

the growing season. Like terrestrial ecosystems, aquatic plant communities exhib-
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Figure 1. Map of Saugany Lake showing collection sites indicated by number.

it marked seasonality in species growth. Therefore, repetitive sampling mini-

mizes temporal effects and ensures that the majority of species are not only sam-

pled but can also be identified. Repetitive sampling is particularly necessary for

aquatic plants where phenotypic plasticity in vegetative characters makes it essen-

tial that floral and fruit characters be present for positive identification (Sculthor-

pe, 1967). One-time sampling methods, which are often employed for aquatic

vascular plants, can lead to a gross misrepresentation of both the abundance and

species composition of aquatic plant communities.
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At each of the study sites, emergent plants were sampled 1.0 m beyond the

lake margin {i.e., the water's edge) for a distance of approximately 20 m paral-

lel to the shoreline to ensure that obligate wetland species directly associated

with the perimeter of the lake were included in each survey. Because of shore-

line development, very little habitat is available for the establishment of emer-

gent vegetation with two exceptions— a small area on the west shore and one

at the north end of the lake where more extensive wetlands have historically pre-

cluded development. In the majority of cases, this sampling method provided a

representative picture of the emergent shoreline area, which often consisted of

lawn down to the water's edge.

Aquatic plants of the littoral zone were sampled perpendicular to the

shoreline out to the maximum depth of their distribution (typically 7.0 m) and

parallel to the shoreline for a distance of 20 m, corresponding to the length of

the shoreline sampled. The sample sites were not uniform in the distance they

extended out from the shoreline due to variation in the depth contours of the lake.

As a result, sample areas were not equivalent among sites.

Submersed, emergent, and free-floating macrophytes were collected by hand

while wading in the shallow water along the lake margin. In areas having mod-

erate depths, the sampling of submersed plant species was carried out by

dredging the lake bottom with an extendable thatching rake from the side of a

Jon boat. SCUBA was used to collect submersed aquatic plants in areas having

a depth greater than 3.0 m. By employing multiple methods, a larger propor-

tion of the lake could be comprehensively inventoried, and the likelihood of

the majority of species being collected was gready increased. The relative abun-

dance for each species in the checklist was determined by modifying the rank-

ing method oudined in Palmer, et al (1995) to incorporate coverage area. A score

was assigned to each species identified at a given site based on the amount of

area covered by that species. The modified definitions for the categories of abun-

dance are:

Rare (Score = 1): Species that occupy up to 9% of the total area at a

study site.

Infrequent (Score = 2): Species that occupy between 10% and 19% of the

total area at a study site.

Occasional (Score = 3): Species that are neither abundant nor common but

occupy between 20% and 49% of the total area at

a study site.

Common (Score = 4): Species that are not abundant but occupy between

50% and 74% of the total area at a study site.

Abundant (Score = 5): Dominant species that occupy 75% or more of the

total area at a study site or co-dominant species who

together occupy 50% or more of the total area at a

study site.



Vol. 107 (1998) Indiana Academy of Science 127

The relative abundance (A,) of a given species in the entire lake was determined

using:

A,. = Z s /n

where the sum of all abundance scores for a given species (Z s) is divided by

the total number of occurrence sites for that species (n). The calculated relative

abundance varies between 1 and 5, allowing the species to be placed into one

of the above categories. This semi-quantitative method was used to assign macro-

phytic species to a specific relative abundance category for the lake based on

overall occurrence and coverage area.

Floristic Quality Assessment. The lake's natural floristic quality was eval-

uated using Swink and Wilhelm's (1994) coefficient of conservatism (Q. Swink

and Wilhelm (1994) assigned each native plant species in the Chicago region a

coefficient of conservation ranging from to 10. However, no coefficients of

conservatism were given to non-native species and native charophytes. Conse-

quently, these species do not belong to a conservatism group, and they were

excluded from the floristic quality assessment.

The C value reflects the probability that a plant will occur in an area which

has remained relatively unaltered since presettlement times. Therefore, a C value

of is given to plant species that have little fidelity to a specific natural com-

munity, but a C value of 10 is given to plant species that are almost always restrict-

ed to that same natural community. The C values for all native aquatic vascular

plants recorded from the lake have been included in the checklist (see p. 134).

Floristic quality is determined by calculating a mean coefficient of conser-

vatism (C):

C=l C/N

where E C is the sum of all the C values of the native aquatic vascular plants

recorded from the lake, and N is the total number of species having C values.

The floristic quality index (/) is then calculated as follows:

/= CaTTV.

Taxonomy. Nomenclature follows Gleason and Cronquist (1991) for all taxa

except the charophytes, which follow Daily's (1953) taxonomic treatment of the

Characeae of Indiana with nomenclatural revisions where necessary. No attempt

was made to identify specific forms or variants of any of the listed species. Vouch-

er specimens of all species are deposited in the Aquatic Plant Herbarium of Pur-

due University North Central. Common names and collection numbers for

each of the specimens are found in the checklist (see p. 134).
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RESULTS AND DISCUSSION

The inventory of the aquatic macrophytes of Saugany Lake documented

49 species, including four (8.2%) state-listed species, three (6.1%) exotics, and

two (4. 1%) charophytes. The aquatic flora of the lake is composed of 24 fami-

lies and 33 genera. Families having the greatest species richness were the Pota-

mogetonaceae (9 species), Cyperaceae (6 species), and Lemnaceae (4 species).

The percentage of monocotyledonous taxa (68.1%) was much larger than the

percentage of dicotyledonous taxa (31.9%) in the total vascular flora (47 species).

This difference is not surprising given that the aquatic flora is dominated by

monocotyledonous families.

The most abundant submerged monocotyledonous species are Potamogeton

praelongus Wulfen and P. zosterformis Fern., the former being listed as state

endangered (Indiana Natural Heritage Data Center, 2000). Other state-listed

species include Polygonum hydropiperoides Michx., Potamogeton pusillus

L., and P. vaseyi Robbins. The most common and widespread dicotyledonous

species are Nuphar advena (Alton) Alton/., Nymphaea odorata Alton, Utricu-

laria vulgaris L., and Myriophyllum spicatum L. (exotic). Other nonnative aquat-

ic vascular plant species recorded from the lake include Potamogeton crispus

L. and Rumex crispus L.

The least abundant species are emergent plants, such as sedges and grass-

es, commonly found growing on the shore or along the lake margin. These species

illustrate one of two inherent problems with the methodology used to determine

overall abundance. Emergent plants will always have lower scores because the

amount of surface area represented by the emergent vegetation at a study site is

only a fraction of the total surface area inventoried. The disparity is particular-

ly great for the emergent aquatic plants at Saugany Lake because shoreline devel-

opment is so extensive that there is very little habitat available for emergent

vegetation. Homeowners prefer lawns down to the water's edge and no "weeds"

in their beach areas. In addition, the elevation around the lake increases rapidly

beyond the water's edge, making conditions too dry for emergent species out-

side of the immediate shoreline. As a result, emergent species are categorized as

either rare or infrequent although they may be common at some sites.

Another problem with interpreting abundance values is that species that have

high scores but only occur at a few locations are likely to be categorized as abun-

dant or common, misleading the reader into believing that these species are wide-

spread. To more clearly elucidate the status of each species, growth habit, type

of habitat, and, in some cases, water depth have been recorded for each species

in the checklist (see p. 134).

Despite inherent problems with this and similar methods. Palmer, et al (1995)

suggests that errors in the assignment of abundance rankings should be rare

due to the breadth of the categories. Thus, a species exhibiting a two-category

change in abundance ranking in a future study has probably undergone a high-

ly significant change in its population size.



Vol. 107 (1998) Indiana Academy of Science 129

Table 1. The mean coefficient of conservatism and number of individual species per site.

Site N C Site N C
\

Site A^ C

1 11 7.3 9 34 7.2 17 11 6.7

2 4 8.5 10 18 6.6 18 26 6.4

3 11 7.4 11 14 6.4 19 21 7.0

4 8 7.6 12 15 7.8 20 12 7.4

5 5 6.6 13 16 7.1 21 9 6.4

6 6 6.2 14 12 7.4 22 4 8.3

7 13 7.2 15 15 5.8 23 7 7.8

8 17 7.5 16 14 6.8 24 13 7.3

Species richness varied among the sampling sites (Table 1). The number of

individual taxa per site ranged from 34 (site 9) to 4 (sites 2 and 22). In most cases,

sites located in less disturbed areas had a greater number of species than those

sites where shoreline development is more extensive. The least disturbed sites

are located within the extreme western and northeastern lobes (sites 9, 10, 18,

and 19, respectively) of the lake, whereas the most disturbed sites are located

along the southwestern and southeastern shores (sites 2 to 6 and 21 to 23, respec-

tively) and are less diverse.

The overall C value for the lake was 6.6, indicating that the area is a mix of

species having a range of C values. All sampling sites within the lake had val-

ues greater than 5.5, ranging from 5.8 to 8.3 (Table 1). The / value for the lake

was 44.0, indicating that the lake is a highly important floristic remnant of nat-

ural vegetation that has not been severely impacted by human activities. Accord-

ing to Swink and Wilhelm (1994), areas having a C value of 3.5 or an / value

of less than 35 are marginal quality habitats, whereas areas having a C value of

5.0 or an / value greater than or equal to 35 are high quality habitats and floris-

tically important from a statewide perspective.

Floristic quality assessment has been most extensively applied in Michi-

gan (Herman, et al, 1996), the Chicago region (Wilhelm and Masters, 1995),

Illinois (Taft, et a/., 1997), and northern Ohio (Andreas and Lichvar, 1995),

and the results of these studies have upheld the value of these indices as indica-

tors of ecosystem quality. Herman, et aL, (1996) suggest that the advantage of

the floristic quality index is that it utilizes information about all of the native

species in a community and does not rely solely on a suite of indicator species.

The comprehensive nature of floristic quality assessment results in greater infor-

mation about the habitat and its quality.

Unfortunately, obtaining adequate funding for this type of comprehensive

inventory work is difficult. The rapid assessment surveys currendy done for lakes

and wetlands tend to be based on one-time inventories. In this study, a one-

time survey would only have allowed the identification of a small percentage of

the species present, primarily because the identifications would have been based
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on highly phenotypically plastic vegetative characters instead of flowering and

fruiting material.

Although the current authors agree with the concept of floristic quality assess-

ment, we strongly believe that the presence of exotics, which are often inva-

sive in aquatic habitats, should be considered in the calculation of/. The number

of exotics in a community relates directly to the floristic quality of the site in

question. The value of / should be dependent upon the total number of species

(native -i- nonnative) with negative coefficients of conservatism being used for

nonnative species. In situations where there are a large number of both native

and nonnative species or a large number of nonnative species and a few highly

conservative species, the exclusion of the nonnative component may result in an

artificially inflated value of /.

Although the situation at Saugany Lake is a less pronounced example, if we
assign a C value of -10 to the nonnative species, the value of / would drop from

44 to 38.2. Unlike other researchers (Swink and Wilhelm, 1994; Herman, et

ai, 1996) using the coefficient of conservatism, we have included exotic species

in our first conservatism group (Group A; Table 2) and in our calculation of the

relative frequencies of species per group (Figure 2). This calculation is simply

the number of species per conservatism group divided by the total number of

aquatic vascular plant species present and is expressed as a percentage. The con-

servative species tend to have higher values of C (78% of the species have C val-

ues of 5 or higher, and 30% have a value of 8 or higher).

If the floristic quality index is to be used more extensively for the evalua-

tion of lake quality, another issue must addressed— the assignment of coeffi-

cients of conservatism to charophytes. In the United States and the Midwest in

particular, charophytes are a dominant component of the littoral zone of many

lakes (Hutchinson, 1975). In Indiana, the charophytes are especially prevalent

in marl lakes in the northeastern part of the State. Although many charophyte

species exhibit an intermediate habitat fidelity, others are very sensitive to dis-

turbance and show strong fidelity to more pristine lakes. The extensive litera-

ture on the ecology of charophytes (e.g.. Daily, 1953) should be used to derive

conservatism coefficients for the species.

An interesting biotic factor that appears to have had an important impact

on the distribution and abundance of aquatic plants in Saugany Lake is the intro-

duction of the milfoil weevil Euhrychiopsis leconteii Dietz (the first county record

for Indiana; Waltz, White, and Scribailo, 1997). The species occurs naturally in

Wisconsin and has recently been reported from northeastern Illinois. Although

the native host of the milfoil weevil is the northern water milfoil {Myriophyllum

sibiricum = M. exalbescens), the weevil will preferentially feed upon Eurasian

water milfoil (Sheldon and Creed, 1995).

In 1998, numerous weevils were found on Eurasian water milfoil plants at

Saugany Lake, and extensive damage to plants' shoots was observed (Scribailo,

Alix, and Barnes, pers. obs.). In the following year, aquatic plant surveys indi-

cated a large-scale decline in the abundance of Eurasian water milfoil, particu-
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Table 2. Conservatism groups for species collected from Saugany Lake. Groupings are

based on Swink and Wilhelm's (1994) coefficient of conservatism (C ) which indicates

different degrees of habitat fidelity.

Group A: Nonnative and native species having a C value of to 1 (low fidelity species)

Myriophyllum spicatum L.

Potamogeton crispus L.

Rumex crispus L.

Typha angustifolia L.

Typha latifolia L.

Group B: Native species having a C value of 2 to 4

Alisma subcordatum Raf.

Cyperus bipartitus Torr.

Polygonum amphibium L.

Sagittaria latifolia Willd.

Scirpus atrovirens Willd.

Group C: Native species having a C value of 5 to 7

Cephalanthus occidentalis L.

Ceratophyllum demersum L.

Elodea canadensis Michx.

Iris virginica L.

Juncus ejfusus L.

Lemna minor L.

Lemna trisulca L.

Ludwigia palustris (L.) Elliott.

Lycopus americanus Muhl.

Najas flexilis (Willd.) Rostkov & Schmidt

Nuphar advena (Alton)Alton/.

Nymphaea odorata Alton

Polygonum hydropiperoides Michx.

Potamogeton foliosus Raf.

Potamogeton pectinatus L.

Potamogeton pusillus L.

Scirpus cyperinus (L.) Kunth

Scirpus pungens Vahl

Scirpus validus Vahl

Spirodela polyrhiza (L.) Schleiden

Vallisneria americana L.

Wolffia Columbiana Karsten

Group D: Native species having a C value of 8 to 10 (high fidelity species)

Brasenia schreberi J.F. Gmel.

Decodon verticillatus (L.) Elliott.

Eleocharis ovata (Roth) Roemer &Schultes

Hydrocotyle umbellata L.

Peltandra virginica (L.) Schott & Endl.

Pontederia cordata L.

Potamogeton amplifolius Tuckerman

Potamogeton gramineus L.

Potamogeton praelongus Wulfen

Potamogeton vaseyi Robbins

Potamogeton zosteriformis Fern.

Ranunculus longirostris Godron

Sagittaria graminea Michx.

Utricularia vulgaris L.

Zosterella dubia (Jacq.) Small

larly in the southern half of Saugany Lake. At the same time, the state threatened

species, Potamogeton praelongus, which had previously been rare, became

one of the most dominant submerged macrophyte species. A recent analysis of

lake data for States adjacent to Indiana has shown a similar correlation
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Figure 2. The relative frequency of species per conservatism group. Degree of fidelity

increases across groups from left to right. See Table 1 for further explanation of con-

servatism.

between the distribution of the water milfoil weevil and lakes exhibiting a decline

in Eurasian milfoil populations (Creed, 1998).
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CHECKLIST OF THE AQUATIC VASCULAR PLANTS
AND CHAROPHYTES OF SAUGANY LAKE

In this annotated list of aquatic macrophytes collected from Saugany Lake,

the taxa are arranged alphabetically by division, family, genus, and species,

respectively. The common name, location(s) of occurrence, habit type, abun-

dance ranking, and a brief description of the habitat are included for each species.

When a species is considered endangered, threatened, or rare in Indiana, its State

status (SS) is noted following the habitat description. A coefficient of conser-

vatism (Q has been included for each native taxon. In addition, the collection

number (CN) is appended for each species. All specimens were collected and

identified by the authors.

DIVISION CHLOROPHYTA

Characeae— Muskgrass Family

Chara braunii Gmel.

Smooth muskgrass; 8, 13; submersed; rare in shallow water of the near-

shore habitat and associated with marl to sandy substrate; CN = 48.

Chara zeylanica Willd.

Variable muskgrass; 3, 7-9, 13; submersed; occasional to common in

both deep and shallow water habitats; CN = 49.

DIVISION MAGNOLIOPHYTA

Alismataceae— Water Plantain Family

Alisma subcordatum Raf.

Common water plantain; 6-8; emergent; rare along the lake margin

and only found near the west beach sites; C = 4; CN =19.

Sagittaria latifolia Willd.

Common arrowhead; 3; emergent; rare along the lake margin; C = 4;

CN = 22.

Sagittaria graminea Michx.

Grass-leaved arrowhead; 7-9; emergent and submersed; rare along the

lake margin and found in water up to 0.5 m deep near the west beach

sites;C = 9;CN= 15.

Apiaceae— Carrot Family

Hydrocotyle umbellata L.

Water pennywort; 3, 11, 12; floating-leaved; rare along the lake

margin and found in water up to 0.5 m deep; C = 10; CN = 2.
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Araceae— Arum Family

Peltandra virginica (L.) Schott & Endl.

Arrow arum; 8, 9, 14, 17-19; emergent; occasional to common along

the lake margin and in shallow water, locally abundant in the undis-

turbed marsh at the north outlet; C = 10; CN = 14.

Cabombaceae— Water Shield Family

Brasenia schreberi J.F. Gmel.

Water shield; 9, 14-16, 18, 19; floating-leaved; common in deep water

of the nearshore habitat in the northern portion of the lake and typical-

ly forming a zone at the outer and deeper margins of Nuphar stands;

C= 10;CN = 23.

Ceratophyllaceae— Hornwort Family

Ceratophyllum demersum L.

Common coontail; 4, 7, 9-11, 18, 19; submersed; common in shallow

and deep-water habitats and appears to be more prevalent on mucky

substrates in the northern portions of the lake; C = 5; CN = 9.

Cyperaceae— Sedge Family

Cyperus bipartitus Torr.

Brook nut sedge; 9, 14, 15, 20, 21; emergent; rare to infrequent, found

growing on the sandy shore; C = 4; CN = 38.

Eleocharis ovata (Roth) Roemer & Schultes

Blunt spike rush; 9, 12, 13; emergent; rare, found growing on the

shore;C=10;CN = 44.

Scirpus atrovirens Willd.

Black bulrush; 6, 10, 11, 18; emergent; rare, found growing in small

patches on the shore; C = 4; CN = 20.

Scirpus cyperinus (L.) Kunth

Wool grass; 9, 15, 18; emergent; rare along the lake margin, but per-

haps more common than observed, particularly in the marsh to the

north;C = 6;CN= 17.

Scirpus pungens Vahl

Common threesquare; 15, 16; emergent; rare, found only on the north

shore of the lake; C = 5; CN = 18.

Scirpus validus Vahl

Softstem bulrush; 15-18; emergent; rare along the lake margin, but

perhaps more common than observed; C = 5; CN = 43.
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Haloragaceae— Water Milfoil Family

Myriophyllum spicatum L.

European water milfoil; 1, 7, 9-12, 15, 17-20, 22-24; submersed; abun-

dant and widespread throughout the lake where it has become a nui-

sance; CN= 11.

Hydrocharitaceae— Frog's Bit Family

Elodea canadensis Michx.

Common water weed; 9, 14, 18-21, 24; submersed; occasional to com-

mon in water up to 2.5 m deep; C = 5; CN = 30.

Vallisneria americana L.

Eel grass; 1, 7-9, 12, 14, 17-21, 24; submersed; common in water up to

2.5mdeep;C = 7;CN=16.

Iridaceae— Iris Family

Iris virginica L.

Southern blue flag; 5; emergent; rare along the sandy lake margin; C =

5;CN = 24.

Juncaceae— Rush Family

Juncus ejfusus L.

Soft rush; 14, 17, 18; emergent; rare along the lake margin; C = 1\

CN = 41.

Lamiaceae— Mint Family

Lycopus americanus Muhl.

American water horehound; 9,13-15; emergent; rare, primarily found

along the lake margin just west of the conservation club; C = 5; CN =

32.

Lemnaceae— Duckweed Family

Lemna minor L.

Lesser duckweed; 9, 10, 13, 15, 23, 24; floating; occasional to com-

mon in nearshore habitats and closely associated with water lily

stands;C = 5;CN = 28.

Lemna trisulca L.

Forked duckweed; 7, 9, 13, 20; floating, rare, found just beneath the

water's surface along the lake margin; C = l\ CN = 50.

Spirodela polyrhiza (L.) Schleiden

Greater duckweed; 9, 10, 13, 15, 23, 24; floating; occasional to com-

mon in nearshore habitats and closely associated to water lily stands;

C = 7:CN = 27.
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Wolffia Columbiana Karsten

Watermeal; 9, 10, 13, 15, 23, 24; floating, occasional to common,
found along the lake margin usually behind water lily stands; C = 7;

CN = 29.

Lentibulariaceae— Bladderwort Family

Utricularia vulgaris L.

Common badderwort; 1, 3, 5, 8-13, 18-20, 24; submersed; common
and widespread throughout the lake; C = 9; CN =13.

Lythraceae— Loosestrife Family

Decodon verticillatus (L.) Elliott.

Water willow; 8-11, 14; emergent; occasional and most commonly
found along the lake margin of the west shore; C = 8; CN = 47.

Najadaceae— Water Nymph Family

Najas flexilis (Willd.) Rostkov & Schmidt

Slender naiad; 1, 3, 8, 9, 13, 24; submersed; occasional, but perhaps

more common than observed; C = 6; CN = 6.

Nymphaeaceae— Water Lily Family

Nuphar advena (Alton)Alton/

Yellow water lily; 6-13, 16-20; floating-leaved; common and wide-

spread throughout the lake; C = 7; CN = 26.

Nymphaea odorata Alton

White water lily; 3, 5-13, 16-20, 22, 24; floating-leaved; common and

widespread throughout the lake; C = 7; CN = 39.

Onagraceae— Evening Primrose Family

Ludwigia palustris (L.) Elliott.

Marsh purslane; 1, 5, 8; submersed; rare, found in shallow water along

the lake margin; C = 5; CN = 33.

Polygonaceae— Smartweed Family

Polygonum amphibium L.

Water smartweed; 9-11, 15, 16, 18; emergent; uncommon, occasional-

ly found along the lake margin and in water up to 1.0 m deep; C = 4;

CN = 35.

Polygonum hydropiperoides Michx.

Mild water pepper; 7-9, 11-13, 18; emergent; uncommon, found along

the lake margin; 55 = £"; C = 7; CN = 37.
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Rumex crispus L.

Curly dock; 13; emergent; rare, but perhaps more common than

observed, found along the lake margin; CN = 42.

Pontederiaceae— Water Hyacinth Family

Pontederia cordata L.

Pickerel weed; 4, 8, 9, 14, 16, 20, 23; emergent; common in nearshore

habitats and along the lake margin; C = 10; CN = 10.

Zosterella dubia (Jacq.) Small

Water star grass; 1, 9, 10, 18-22, 24; submersed; common in nearshore

habitats and along the lake margin; C = 8; CN = 1.

Potamogetonaceae— Pondweed Family

Potamogeton amplifolius Tuckerman

Large-leaved pondweed; 9, 10, 19; submersed and having the hetero-

phyllous condition; rare, found in water up to 1.0 m deep; C = 10;

CN = 36.

Potamogeton crispus L.

Curly pondweed; 1,4, 18, 19, 21; submersed; occasional, found in

nearshore habitats; CN = 8.

Potamogeton foliosus Raf.

Leafy pondweed; 9, 19; submersed; rare, found along the shallows of

the lake margin; C = 7; CN = 25.

Potamogeton gramineus L.

Variable pondweed; 2-4, 6-8, 12, 16, 18-21; submersed and having the

heterophyllous condition; abundant and widespread throughout the

lake, found in water up to 2.0 m deep; C = 8; CN = 5.

Potamogeton pectinatus L.

Sago pondweed; 1, 3, 4, 16, 18, 19; submersed; rare to occasional,

found in the nearshore habitats; C = 5\ CN = 4.

Potamogeton praelongus Wulfen

White-stemmed pondweed; 1-4, 7, 9, 10, 12, 15-24; submersed; abun-

dant and widespread throughout the lake, found in water up to 3.5 m
deep; this species appears to be the most abundant vascular plant

species in nearshore habitats; SS = E\ C = \0\ CN = 3.

Potamogeton pusillus L.

Slender pondweed; 3-6, 9, 12-16, 18, 19; submersed; common and

widespread; SS = R\C = 1\CH = \2.
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Potamogeton vaseyi Robbins

Vasey's pondweed; 9; submersed and having the heterophyllous con-

dition; rare, the population consisted of 23 individuals; SS = E, C =

10;CN = 31.

Potamogeton zosteriformis Fern.

Flat-stemmed pondweed; 1-4, 7-14, 16, 18, 19, 21, 23, 24; submersed;

abundant and widespread, found throughout the nearshore habitats;

C=8;CN = 40.

Ranunculaceae— Buttercup Family

Ranunculus longirostris Godron

White water crowfoot; 1, 2, 8-12, 16-19, 24; submersed; common,
found throughout the lake; C = 8; CN = 7.

Rubiaceae— Madder Family

Cephalanthus occidentalis L.

Buttonbush; 9-12, 15, 17, 18; emergent; occasional to common, found

along undisturbed portions of the lake margin; C = 5; CN = 34.

lyphaceae— Cattail Family

Typha angustifolia L.

Narrow-leaved cattail; 14-19; emergent; rare to occasional, primarily

found along the northern shoreline, one large stand at site 15; C = 1;

CN = 45.

Typha latifolia L.

Common cattail; 9-12, 18, 19, 21; emergent; occasional, found along

the lake margin; C = 1; CN = 46.
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ABSTRACT: In a 1955 mail survey, Indiana conservation officers reported

the North American badger {Taxidea taxus) from 33 counties in Indiana. To

assess the species' current (1997) status, 230 natural resource managers, biol-

ogists, and conservation officers were surveyed regarding the presence of

badgers in their respective districts between 1994 and 1996. A total of 193

sightings (either the badgers themselves or their sign) was reported by 96

respondents in 59 counties (an increase of 26 counties over the 1955 sur-

vey), including 14 new county records. Over the same period, badger occur-

rences from two additional counties were obtained from the Indiana Natural

Heritage Program's data base. Thus, badgers were reported from 61 counties

during the 1994-1996 period. A search of other data sources {e.g., occurrences

in the Indiana Natural Heritage Program's data base prior to 1994 and the pub-

lished literature) showed the presence of badgers in 21 more counties (for a

total of 82) and included 5 more new county records. A cumulative distribu-

tion map for the badger in Indiana was prepared using the information col-

lected.

KEYWORDS: Badger, distribution, Indiana, Taxidea taxus.

INTRODUCTION

The North American badger {Taxidea taxus) is a medium-sized, fossorial

carnivore associated with prairies, open grasslands, old fields, and other treeless

habitats in the western and north-central United States (Long and Killingley,

1983; Messick, 1987). The species' current range extends north into western

Canada and Ontario and south into central Mexico and Baja California (Mes-

sick, 1987). Western Ohio marks the eastern boundary of the badger's distribu-

tion (Whitaker and Hamilton, 1998), although isolated records exist in Connecticut

and New York, possibly the result of animals that escaped or were released from

captivity (Nugent and Choate, 1970).

Indiana is near the eastern edge of the badger's geographic range in the Unit-

ed States (Long and Killingley, 1983; Messick, 1987). The species was proba-

bly never common in Indiana, and early accounts {e.g., Evermann and Butler,

1894; Hahn, 1909) provided few records, most of which were restricted to the

northeastern comer of the State. Lyon (1936) summarized the published records

from 24 counties and showed that badgers occurred throughout the northern third

of Indiana with disjunct records in Franklin and Vermillion Counties. In a 1955

mail survey, conservation officers reported badgers from 33 counties (Figure 1),
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Present but population

not estimated

Very rare

Common

Figure 1. Distribution and relative abundance of the badger in 33 counties in Indiana in

1955 (Brooks, 1959).
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including Dubois and Crawford Counties in southern Indiana (Brooks, 1959).

Mumford (1969) assembled records from 53 counties and concluded that

badgers were most numerous in northeastern Indiana but were still extending

their range southward and southeastward. More recently, Mumford and Whitak-

er (1982) listed reports from 63 counties. Of these 63 counties, specimen records

were available from 26.

Badgers have been listed as endangered by the Indiana Department of Nat-

ural Resources since 1969. Since the initial status assessment by Lyon (1932),

the badger has continued to expand its range, bringing into question the validi-

ty of its endangered species designation and the necessity of its protected status.

Our objective was to compare the current distribution of the badger in Indiana

with that reported by Brooks (1959), who used a similar survey protocol. We
also used other data sources {e.g., the Indiana Natural Heritage Program's data

base and the published literature) to prepare a cumulative distribution map for

the badger in Indiana.

METHODS
1997 Mail Survey. In May 1997, a seven-question survey was mailed to 230

employees of the Indiana Department of Natural Resources (157 conservation

officers, 60 property managers, and 13 district wildlife biologists). Recipients

were asked for the locations of badger road-kills, incidental captures, sight-

ings, or sign (e.g., den sites) that they either had observed first-hand or had heard

of second-hand between 1994 and 1996 in their respective districts. Any evi-

dence of the badger's reproduction (e.g., pregnant or lactating females as well

as juveniles) and their estimated distribution within each county were request-

ed. Respondents were also asked to assess trends (i.e., nonexistent, unknown,

increasing, stable, or decreasing) and factors affecting local badger populations

during the previous 10 years. We requested that they return the surveys within

1 month and mailed non-respondents a second survey after this deadline.

Indiana Natural Heritage Program. Information on the occurrence of badg-

ers between 1994 and 1996 in the Indiana Natural Heritage Program's data base

was used to supplement the 1997 mail survey. The date, location, description

of account, and source were requested for each occurrence. Each occurrence was

cross-referenced with results of the mail survey to eliminate duplicate reports.

Cumulative Distribution Map. Because we limited our survey to records

between 1994 and 1996, our results may not be fully representative of the species'

geographic range in Indiana. To prepare a more complete distribution map, occur-

rences in the Indiana Natural Heritage Program's data base prior to 1994 and the

published literature were used to determine the presence of badgers in counties

reported as not occupied in our survey.

RESULTS

1997 Mail Survey. After 2 mailings, 201 completed surveys were returned

(an 87.4% response rate). Badgers were reported on only 96 of those surveys.
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1 record

4 records

5-9 records

10 or more records

Figure 2. Distribution and relative abundance of the badger in 61 counties in Indiana
between 1994 and 1996 as determined from our 1997 mail survey (193 records) and
the Indiana Natural Heritage Program's data base (22 occurrences).
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First-hand records of badgers or their sign {n = 1 00) were reported in 39 coun-

ties by 52 respondents; second-hand records {n = 93) were reported in 48 coun-

ties (20 of which were not documented by first-hand records) by 72 respondents

(Figure 2). First-hand records consisted of road-killed badgers (n = 40), inci-

dental captures in traps legally set for other furbearers (n = 27), sightings

(n = 16), reports of badger sign (/i = 1 1), and unspecified mortalities (n = 6). Sec-

ond-hand records consisted of sightings {n = 5\), road-kills (n = 19), incidental

captures (n = 16), sign (n = 5), and unspecified mortalities {n = 2). Evidence of

reproduction was reported by 18 respondents from 12 counties (Benton, Daviess,

Henry, Huntington, Jackson, Jay, LaGrange, Newton, Noble, Pulaski, Starke,

and Steuben). Most reports of reproduction were from the northern third of Indi-

ana, but those from Daviess, Henry, and Jackson Counties indicate reproduction

in the central and southern regions of the State.

Population trends over the last 10 years were reported by 160 respondents

(80%) for 92 counties. Due to overlapping districts, we received more than one

response for 78 counties (283 total responses), and the reported trends within

counties were often inconsistent. Most respondents (n= 175 (62%)) stated that

population trends were unknown. Thirty-nine (14%) felt that badger populations

were stable, and 31 (11%) indicated that badger populations were increasing.

Only 9 respondents (3%) believed that badger populations had declined in the

last 10 years, while 28 (10%) thought badgers did not exist in their respective

counties. Factors believed to negatively impact badger populations were land

development, incidental trapping, and recent agricultural practices (i.e., inten-

sive cultivation, consolidation of small farms, and loss of fence rows). Other

respondents cited improvement or creation of suitable habitat (e.g., Conserva-

tion Reserve Program), protected status, and a decline in trapping pressure and

trap-related mortalities as factors having a positive influence on badger popu-

lations.

Indiana Natural Heritage Program. The Indiana Natural Heritage Pro-

gram's data base recorded 27 badger occurrences between 1994 and 1996. Five

had been reported in the mail survey and were eliminated from further analy-

sis. The remaining 22 occurrences were from 1 1 counties and included road-

killed badgers (n = 11), sightings (n = 8), incidental captures (n = 2), and an

active den (n = 1). These data included records from 2 counties (Boone and

Miami) where badgers were not reported in the mail survey.

Cumulative Distribution Map. The Indiana Natural Heritage Program's

data base recorded badger occurrences prior to 1994 in 17 additional counties,

primarily in central and southern Indiana (Figure 3). The most recent occurrence

in 8 of these counties occurred in the 5 years preceding our survey. Four addi-

tional counties (Blackford, Crawford, Howard, and Tipton) were listed by Mum-
ford and Whitaker (1982). Badgers have been reported from a total of 82 counties

in Indiana (Figure 3). Of the remaining 10 counties, we suspect that badgers

occur in Adams County in east-central Indiana because they occupy adjacent

counties. Other counties that lack records are predominately forested (e.g.. Brown,
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Martin, and Perry Counties), provide limited habitat suitable for badgers, or

are in extreme southern Indiana.

DISCUSSION

The mail survey documented the occurrence of badgers in 59 counties in

Indiana, an increase of 26 counties over those reported by Brooks (1959). Occur-

rences in the Indiana Natural Heritage Program's data base added 2 more

counties, increasing the total to 61 counties reporting badgers between 1994 and

1996. In 1955, badgers were considered common only in LaGrange County, rare

in 24 counties, and very rare in the remaining 7 counties (Figure 1). We found

badger reports most numerous in the northern third of Indiana, particularly in

the Northeast Morainal and Northwest Tall Grass Prairie Natural Regions (Fig-

ure 2). Badgers appear less common in the central region but have colonized

portions of southwestern and southeastern Indiana. The high number of

records from Daviess County (n= 13) in southwestern Indiana may be an anom-

aly, resulting from 8 sightings on a single property (Glendale Fish and Wildlife

Area), 4 of which were reported in a single year.

The most recent distribution map for Indiana badgers listed records from

63 counties (Mumford and Whitaker, 1982). Our survey documented the pres-

ence of badgers in 14 new counties; occurrences in the Indiana Natural Heritage

Program's data base before 1994 added 5 previously unreported counties

(Table 1). Although museum specimens were not available for these records, we
consider them legitimate because most were either road-kills or incidental cap-

tures. The only possible exceptions were the reports from Monroe County, which

were sighting reports (n = 4).

In Illinois, badgers have home ranges markedly larger than those reported

in the western United States, perhaps due to the lower population densities of

small mammals and other potential prey (Warner and Ver Steeg, 1995). As in

Illinois, much of Indiana's landscape is also dominated by agriculture, and badg-

ers probably exhibit equally low population densities. However, badgers are now
distributed far beyond their original range (sensu Lyon, 1932), and they may
no longer meet the definition of an endangered species in Indiana (i.e., any ani-

mal species whose prospects for survival or recruitment in the State are in imme-

diate jeopardy and who is in danger of disappearing from the State). Although

still relatively uncommon, badgers are established in suitable areas in the north-

ern third of the State and have expanded their range into portions of southern

Indiana.

Several factors have favored their range expansion. First, badgers were legal

furbearers in Indiana until 1966. From 1953 to 1966, an average of 6.5 badger

pelts (range 3-18) was sold to fur houses each year (Lehman, 1982). The sea-

son for badgers was closed in 1967. Second and of greater significance, is the

marked decline in trapping that has occurred in Indiana over the last 20 years.

More than 22,000 trappers were licensed in 1980, less than 10,000 in 1985-1986,

and fewer than 5,000 during the 9 fur-harvest seasons between 1989 and 1998
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Figure 3. Cumulative distribution of the badger in 82 counties in Indiana as determined

from our 1997 mail survey, the Indiana Natural Heritage Program's data base, and a

review of the literature. The dates found in some counties {n = 17) indicate the most

recent report of the badger from that county prior to 1994 in the Indiana Natural Her-

itage Program's data base. Counties with literature records {n = 4) were cited by Mum-
ford and Whitaker (1982).
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Table 1 . Source and documentation for the new county records {n

in Indiana.

19) for the badger

County Source Documentation

1982 incidental capture in Washington Township

Road-kill in Sand Creek Township; incidental capture in Washington

Township

1987 incidental capture in Clinton Township

Road-kill in Connersville Township

1985 incidental capture in Jackson Township; 1986 incidental

captures in Orange and Jennings townships

Road-kill in Barton Township

1987 sighting in Union Township; 1989 road-kills in Patoka and

Montgomery townships; 1993 road-kill in Patoka Township

1988 road-kills in Center and Brandywine Townships; 1993 road-kill in

Jackson Township

Road-kill in Brownstown Township

1983 incidental capture in Brownstown Township; 1987 mortality

in Carr Township; 1993 road-kill in Redding Township

Incidental capture in Penn Township; sighting in unspecified township

Sighting in unspecified township in the northeastern portion of the County

1985 sighting and road-kill in Madison Township

Sighting in Campbell Township

1981 sighting in Spencer Township

Road-kill in unspecified township

1982 mortality in Marion Township; 1993 road-kill in Marshall

Township; 1987 mortality in Spice Valley Township; 1989 mortality in

Shawswick Township; 1993 sighting in Spice Valley Township

Sightings in Bean Blossom and Clear Creek Townships

1981 sighting in unspecified township; sighting (no date) in Bloomington

Township

1990 incidental capture in Southeast Township

Sighting in Marion Township

1984 road-kill in Washington Township; 1989 road-kill in Washington

Township

Incidental capture in Black Township; sighting in Lynn Township

1987 sighting in Robb Township

Sighting in Greensfork Township

1983 sighting in Monroe Township; 1987 road-kill in Union Township

Road-kills in Center and Jackson Townships

Den in Jackson Township

1981 incidental capture in Jackson Township; 1983 incidental capture in

Addison Township

1992 road-kill in Jackson Township; 1993 road-kill in Luce Township

1985 incidental capture in Washington Township; 1989 sightings in Pierce

and Washington Townships; 1989 accidental capture in Jefferson Town-

ship

Clark INHP'

Decatur This study

INHP

Fayette This study

INHP

Gibson This study

INHP

Hancock INHP

Jackson This study

INHP

Jay This study

Jefferson This study

INHP

Jennings This study

INHP

Lawrence This study

INHP

Monroe This study

INHP

Orange INHP

Pike This study

INHP

Posey This study

INHP

Randolph This study

INHP

Ripley This study

Shelby This study

INHP

Spencer INHP

Washington INHP

' INHP denotes records prior to 1994 obtained from the Indiana Natural Heritage Program's data base.

•This study denotes records between 1994 and 1996 obtained during our 1997 mail survey.
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(Lehman, 1999). Badgers are of limited importance in the fur market (Obbard,

et ai, 1987), and most are incidentally captured in traps set for other species,

primarily coyotes (Canis latrans; Messick, 1987). Third, badgers have been pro-

tected in Indiana for the last 30 years; thus, any animals incidentally captured

had to be released. Finally, changes in land use practices that have created

habitats more favorable for grassland-dependent species may have encouraged

the range expansion of badgers. Mumford and Whitaker (1982) reported badg-

ers from disturbed habitats {e.g., abandoned gravel pits and railroad rights-of-

way) and noted that their southward expansion was similar to that of another

prairie mammal, the thirteen-lined ground squirrel (Spermophilus tridecemlin-

eatus). In Illinois, Gremillion-Smith (1985) suggested that the conversion of for-

est into row crops and pastures, improved drainage, and surface coal mining

operations produced soils more suitable for burrow systems and grassy habi-

tats capable of supporting higher rodent populations. Reclaimed strip mines, par-

ticularly in western and southwestern Indiana, provide expanses of open grassy

habitats that may be suitable for foraging and provide denning sites for badgers.

Fallow fields and pastures in southern Indiana may also provide additional habi-

tats for badgers and their prey.
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ABSTRACT: The fish fauna of Tippecanoe County, Indiana, has been well

documented historically. However, a county-wide survey had not been con-

ducted since the mid-1970's. Between June and December 1994, seventy sites

were sampled in Tippecanoe County to determine the current distribution of

fish species. Ninety-seven species were collected, of which 13 {Lepisosteus

ociilatus, Dowsoma petenense, Umbra limi, Erimystax dissimilis, Macrhy-

bopsis storeriana, Notropis wickliffi, Phoxinus erythrogaster, Noturus eleutherus,

Morone chrysops x M. saxatilis, Lepomis microlophiis, Percina phoxo-

cephala, P. sclera, and P. shumardi) were new county records. Many of the

new species, including U. limi, E. dissimilis, M. storeriana, P. phoxocepha-

la, and P. sclera, were collected at several sites during the present survey.

Etheostoma camurum, a state endangered species which had not been record-

ed in the County since 1942, was once again collected. Cyprlnella whlpplel,

Plmephales vlgllax, Cycleptus elongatus, and Mlcropterus punctulatus, his-

torically uncommon species, have expanded their ranges in the County since

the previous survey. Twelve fish species historically recorded from the Coun-

ty were not collected in 1994; notably absent was Ammocrypta pelluclda, a

state species of special concern, which had been collected during all three pre-
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vious surveys. The total number of fish species recorded from Tippecanoe

County is now 109.

KEYWORDS: Fish distribution, Tippecanoe County, Indiana, Wabash River.

INTRODUCTION

Historical Tippecanoe County Fish Surveys. Distribution records for

Tippecanoe County fishes have been compiled on a fairly regular basis. The ini-

tial ichthyofaunal picture of Tippecanoe County was provided by Gerking (1945),

who collected fish from 412 sites across Indiana between 1940 and 1943 and

compiled all the other historical records known at that time. In 1942, Gerking

recorded 45 species from four sites (one each from Wea Creek, South Fork Wild-

cat Creek, Wildcat Creek, and the Wabash River) within Tippecanoe County.

Compilation of the historical records revealed two additional species: the river

redhorse {Moxostoma carinatum; Cope, 1871) and the harelip sucker (Lagochi-

la lacera\ Evermann and Jenkins, 1892). The initial species count for Tippeca-

noe County was 47.

Erman and Mumford (unpublished data) periodically collected fish from

Tippecanoe County between 1958 and 1965. Although their specific collecting

locations were not recorded, species lists for nine major tributaries in Tippeca-

noe County were compiled. Erman and Mumford recorded 20 new species from

the County, bringing the historical total to 67.

Curry and Spacie (1978) compiled species lists for 39 sites in the County

after collecting from the Wabash River annually between 1971 and 1977 and

from most of the other major drainages in the County between 1974 and 1977.

Curry and Spacie (1978) also included work by Lehman (1974), who collected

from Wea Creek, and Gorman (1978), who studied the fishes of Indian Creek.

Altogether, 86 species were identified from Tippecanoe County, including 28

new species. If the hornyhead chub (Nocomis biguttatus), which was collected

by Lehman (1974) but was left off the hst of Curry and Spacie (1978), is includ-

ed, the total species known from Tippecanoe County reached 96.

Physical Description of Tippecanoe County. Tippecanoe County is locat-

ed in west-central Indiana and covers an area of approximately 504 mi^ The

Wabash River is the dominant watershed, entering from the northeast corner of

Tippecanoe County and exiting near the middle of the western boundary, almost

bisecting the County in half (Figure 1). The Wabash River drains approximate-

ly 4,375 mi^ as it enters Tippecanoe County. Its drainage area nearly doubles

by the time it leaves the County after the addition of the Tippecanoe River (1,950

mi"), Wildcat Creek (805 mi^), and several smaller watersheds (Hoggatt, 1975).

Tributaries of the Wabash River include the Tippecanoe River, Burnett's

Creek, and Indian Creek from the north and Sugar Creek, Buck Creek, Wildcat

Creek, and Wea Creek from the south. Moot's Creek is the only major direct trib-

utary to the Tippecanoe River located in the County. The upper portions of the

Flint Creek, Big Shawnee Creek, and Litde Pine Creek watersheds are also with-
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Figure 1. Tippecanoe County and our 1994 collection locations.

in Tippecanoe County but enter the Wabash River further downstream in War-

ren and Fountain Counties. Tippecanoe County contains the urban areas of West

Lafayette and Lafayette, both centrally located, to the west and east of the Wabash

River, respectively.

Objectives. Since almost two decades had elapsed since the last county-

wide survey had been completed, we felt it was appropriate to resample the fish-

es of Tippecanoe County. The objectives of our present survey were to: 1)

determine the current composition and distribution offish species inhabiting the

flowing waters of Tippecanoe County; 2) use replicable methods to establish

baseline, site specific, fish community data with which future sampling efforts
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Table 1. Site locations (C&S = Curry and Spacie, 1978). The single, solid lines separate sites by watershed.

Site C&S Location Map Section

39 Wabash River at Collier's Island

38 Wabash River at Goose Island

37 Wabash River at the mouth of Jordan Creek

36 Wabash River at the mouth of Wea Creek

35 Wabash River at Lafayette Sewage Treatment Plant

34 Wabash River at West Lafayette Sewage Treatment Plant

33 Wabash River at Mascouten Park

— Wabash River at Heron Island

— Wabash River at the U.S. 65 bridge

32 Wabash River at the mouth of the Tippecanoe River

3

1

Wabash River at the Americus bridge

Sec. 3 and 10,T22N, R6W
Sec. 26, T23N, R6W
Sec. 28, T23N, R5W
Sec. 35, T23N, R5W
Sec. 31,T23N, R4W
Sec. 36, T23N, R5W
Sec. 20 and 29, T23N, R4W
Sec. 17, T23N, R4W
Sec. 4, T23N, R4W
Sec. 33, T24N, R4W
Sec. 2 and 3, T23N, R4W
Sec. 20, T24N, R3W
Sec. 9 and 16,T24N, R3W

12 Big Shawnee Creek at State Road 25 Sec. 26,T2IN,R6W

25

24

Little Pine Creek at County Line Road
Little Pine Creek at State Road 26

Little Pine Creek at County Road 800 West

Little Pine Creek at U.S. 52

Little Pine Creek at County Road 500 North

Otterbein Ditch at County Road 500 North

Sec. 22, T23N, R6W
Sec. 14,T23N,R6W
Sec. 1,T23N, R6W
Sec. 36, T24N, R6W
Sec. 30, T24N, R5W
Sec. 34, T24N, R6W

19 2 Flint Creek at Turner Road (Burnett's Reserve)

20 1 Flint Creek at County Road 510 South (Burnett's Reserve)

2

1

— Flint Run at County Road 600 South

Sec. 1,T22N,R6W
Sec. 4, T22N, R6W
Sec. 19and30,T22N, R5W

22 28 Indian Creek at Division Road
23 27 Indian Creek at the mouth of Goose Creek

24 26 Indian Creek at County Road 400 West

25 — Indian Creek at County Road 600 North

Sec. 24, T23N, R6W
Sec. 18,T23N, R5W
Sec. 4, T23N, R5W
Sec. 23, T24N, R5W

26 — Wea Creek at Eli Lilly Road

27 — Wea Creek at State Road 25

28 9 Wea Creek at the mouth of Little Wea Creek

29 8 Wea Creek at County Road 200 East

30 7 Wea Creek at County Road 800 South

3

1

6 Wea Creek at County Road 1 00 East

32 5 Wea Creek at State Road 43/U.S. 23

1

33 4 Kellerman Learning Ditch at State Road 28

34 3 LoaflandDitchatCounty Road 1200 South

35 — Wea Creek side channel at Eli Lilly Road

36 14 Little Wea Creek at its mouth

37 — Little Wea Creek at County Road 500 South

38 1

3

Little Wea Creek at County Road 800 South

39 1

2

Montgomery Ditch at County Road 950 South

40 1

1

Montgomery Ditch at State Road 28

41 10 Kenny Ditch at County Road 250 East

42 29 Burnett's Creek at Burnett's Road
43 — Burnett's Creek at State Road 225 (Battle Ground)

44 — Burnett's Creek at County Road 650 North

45 — North Fork Burnett's Creek at County Road 650 North

Sec. 2, T22N, R5W
Sec. 1,T22N,R5W
Sec. 12,T22N, R5W
Sec. 22, T22N, R4W
Sec. 35, T22N, R4W
Sec. 2,T21N, R4W
Sec. 9,T21N, R4W
Sec. 17,T21N, R4W
Sec. 18,T21N, R4W
Sec. 30,T21N, R4W
Sec. 2, T22N, R5W
Sec. 12,T22N, R5W
Sec. 18 and 19,T22N, R4W
Sec. 1,T21N, R5W
Sec. 10,T21N, R5W
Sec. 16and21,T21N, R5W
Sec. 22, T22N, R4W

Sec. 27 and 34, T24N, R4W
Sec. 23, T24N, R4W
Sec. 19,T24N, R4W
Sec. 21,T24N, R4W J
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Table 1. Site locations (C&S = Curry and Spacie, 1978). The single, solid lines separate sites by watershed.

Site C&S Location Map Section

46 21

47 20

48 19

49 —
50 —
51 18

52 16

53 15

54 —
55 17

56 —
57 —

Wildcat Creek at its mouth

Wildcat Creek at Eisenhowser Road

North Fork Wildcat Creek at County Road 900 East

North Fork Wildcat Creek at County Line Road

South Fork Wildcat Creek at County Road 100 North

South Fork Wildcat Creek at State Road 26

South Fork Wildcat Creek at County Road 200 South

South Fork Wildcat Creek at Wyndotte Road

South Fork Wildcat Creek at County Road 900 East

Middle Fork Wildcat Creek at County Road 900 East

Lauramie Creek at New Castle Road
Lauramie Creek at U.S. 52

Sec. 3, T23N, R4W
Sec. I4,T23N, R4W
Sec. 10,T23N, R3W
Sec. 12,T23N, R3W
Sec. 17and20,T23N,
Sec. 21,T23N, R3W
Sec. 4, T22N, R3W
Sec. 22, T22N, R3W
Sec. 26, T22N, R3W
Sec. 26 and 27, T23N,

Sec. 34, T22N, R3W
Sec. 10,T21N, R3W

R3W

R3W

58 — Buck Creek at Stair Road

59 23 Buck Creek at County Road 600 East

Sec. 30, T24N, R3W
Sec. 30, T24N, R3W

60

61 22

Sugar Creek at its mouth

Sugar Creek at County Road 775 East

Sec. 20, T24N, R3W
Sec.21,T24N, R3W

62

63

64

65

66

67

68

30

Tippecanoe River at its mouth

Tippecanoe River at riffle below Moot's Creek

Tippecanoe River at 2"'' island below Pretty Prairie Road

Tippecanoe River at Pretty Prairie Road

Moot's Creek at its mouth

Moot's Creek at Pretty Prairie Road

Moot's Creek at Tyler Road

Sec. 20, T24N, R3W
Sec. 17,T24N, R3W
Sec. 8 and 9, T24N, R3W
Sec. 9, T24N, R3W
Sec. 8, T24N, R3W
Sec. 8, T24N, R3W
Sec. 5, T24N, R3W

69 Bowen's Ditch at County Road 950 North Sec. 2 and 3, T24N, R3W

70 Bridge Creek downstream from State Road 25 Sec. 11,T24N,R3W

can be compared; and 3) compare the current Tippecanoe County fish commu-

nity with that found in past surveys.

MATERIALS AND METHODS
Fish were collected from 70 sites in Tippecanoe County between June and

December 1994 (Figure 1; Table 1). The original intent of the project was to

resample the 39 sites where species lists were compiled by Curry and Spacie

(1978). As the survey progressed, however, we realized that the distribution

records for Tippecanoe County fishes would be incomplete without including

sites from the Tippecanoe River, Bowen's Ditch, Lauramie Creek, Big Shawnee

Creek, Flint Run, Otterbein Ditch, and Bridge Creek, sites which had not been

sampled during any of the previous surveys. Additional sites were also strate-

gically selected from other drainages where gaps in distributional information

existed.

A variety of methods were utilized during the survey, including backpack

(Smith-Root, Type VII), long-line, and boat (Smith-Root, Type VI-A) elec-

trofishing techniques, seining, and a combination of backpack electrofishing and

kick-seining. Each site was first sampled using one of the three electrofishing
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methods. The exact distance and time sampled were recorded at each site so that

collection effort could be duplicated in future studies. One-thousand-meter reach-

es were sampled with two boat electrofishing passes at all Wabash River sites.

Collection effort at non-Wabash River sites was determined by the unique

habitats that existed at each of these sites. Generally, two riffle-run-pool sequences

were sampled, if present. Otherwise, the sites were sampled until new species

were no longer being collected.

After a standard electrofishing pass was completed at each site, additional

sampling methods were employed if the site characteristics warranted them. The

additional methods included seining at most sites and backpack electrofishing

or a combination of backpack electrofishing and kick-seining at some boat sites.

The combination of backpack electrofishing and kick-seining was particularly

useful at some of the Wabash River and Tippecanoe River sites. Using this method,

one person would securely position a large dip net or small seine on the bottom

of the river. Another person, using backpack electrofishing equipment, would

walk slowly downstream towards the netter while kicking the substrate. This

technique was very effective in collecting darter and madtom species from rocky

run and riffle stretches of the Wabash and Tippecanoe Rivers, which could not

be adequately sampled using more conventional methods.

RESULTS AND DISCUSSION

New Species Collected During 1994. Thirteen of the 97 fish species col-

lected from Tippecanoe County during 1994 (Table 2) were new records for

the County and included the spotted gar {Lepisosteus oculatus), threadfin shad

(Dorosoma petenense), central mudminnow (Umbra limi), streamline chub

{Erimystax dissimilis), silver chub {Macrhybopsis storeriana), channel shiner

(Notropis wicklijfi), southern redbelly dace {Phoxinus erythrogaster), mountain

madtom {Noturus eleutherus), hybrid striped bass (Morone chrysops x M. sax-

atilis), redear sunfish (Lepomis microlophus), slenderhead darter (Percina phox-

ocephala), dusky darter {P. sclera), and river darter {P. shumardi). Most

species were recorded from more than one site, and several were fairly common.

The dusky darter was collected from 18 of the 70 sites; the streamline chub, cen-

tral mudminnow, and slenderhead darter at five; and the silver chub at four sites.

The abundance of the dusky darter during the present survey suggests that this

species may have been misidentified during previous surveys. Curry and Spa-

cie (1978) did not list the dusky darter, but they recorded the blackside darter

from three sites in the Wildcat Creek drainage. In the present survey, the black-

side darter was not recorded from the Wildcat Creek drainage, but the dusky

darter was collected from eight of twelve sites, including two of the three sites

where the blackside darter had previously been recorded. Voucher specimens

were not available for re-examination to verify this possible misidentification.

The streamhne chub, slenderhead darter, river darter, and mountain madtom

were collected almost exclusively from rocky runs of the Tippecanoe and/or

Wabash Rivers, where they were often locally abundant. Their dependence on
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Table 2. List of all known fish species collected from Tippecanoe County, Indiana. Site numbers accompany

those species collected during 1994. The literature citations represent the last records for those species not col-

lected during 1994.

Species Collection Site

Petromyzontidae

Lampetra appendix, American brook lamprey

Ichthyomyzon unicuspis, silver lamprey

Polyodontidae

Polyodon spathula, paddlefish

Acipenseridae

Scaphirhynchus platorynchus,

shovelnose sturgeon

Lepisosteidae

Lepisosteus oculatus, spotted gar

L. osseus, longnose gar

L. platostomus, shortnose gar

Amiidae

Amia calva, bowfin

Anguillidae

Anguilla rostrata, American eel

Clupeidae

Alosa chrysochloris, skipjack herring

Dorosoma cepedianum, gizzard shad

D. petenense, threadfin shad

Hiodontidae

Hiodon alosoides, goldeye

H. tergisus, mooneye

Umbridae

Umbra limi, central mudminnow

Esocidae

Esox americanus vermiculatus, grass pickerel

E. lucius, northern pike

Cyprinidae

Campostoma anomalum, central stoneroller

Cyprinella spiloptera, spotfm shiner

C. whipplei, steelcolor shiner

Cyprinus carpio, carp

Ericymba buccata, silverjaw minnow

Erimystax dissimilis, streamline chub

E. x-punctata, gravel chub

Extrahiis aestivalis, speckled chub

Hybognathus nuchalis, Mississippi

silvery minnow
Hybopsis amblops, bigeye chub

Luxilus chrysocephalus, striped shiner

Lythnirus umbratilis, redfin shiner

Macrhybopsis storeriana, silver chub

49 (adult); 26, 27, 42, 49, 67 (ammocoete)

1 , 4, 1 1 (adult); 49, 5 1 , 53, 64 (ammocoete)

1,3,4,7,8, 10

62

1-11,26,53,62

1-6,9, 11,26

1,2,7

Curry and Spacie (1978)

2,4,7,10

1-11,46,48,49,51,52,62,67

62

1,3,6,7, 10

1-3,5-7,9-11,62

26, 28, 35, 36, 70

12, 15, 16, 18,32,35,39

Curry and Spacie (1978)

1-4, 8, 12-14, 19-34, 36-61, 65-70

1-11, 14, 22, 25, 26, 28-31, 36, 42, 46-56, 58,

60, 62-68, 70

1-9, 11, 26, 28, 42, 46-52, 60, 62-68

1-11, 14-17, 26, 31, 33, 46, 51-53, 62, 69

1-4, 7, 10, 13, 19-23, 26, 28, 29, 31, 32, 34,

36-38, 40-42, 44-46, 49-51, 53, 55-57, 59, 61,

65-68

5, 8, 48, 62, 63

4,5,8, 10,63,65

1,5,7,8, 10,46,63,65

4

1, 4, 7, 13, 21, 28, 29, 49, 50-53, 55, 56, 64, 65,

67,68

1, 2, 3, 5, 6, 12-14, 19-23, 26-30, 33, 34, 36- 48,

51-58,60,61,65,67,68

12, 14, 15, 17,24,25,31-33

1,2,4,62
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Table 2. (continued)

Species Collection Site

Nocomis biguttatus, homyhead chub

N. micropogon, river chub

Notemigonus crysoleiicas, golden shiner

Notropis atherinoides, emerald shiner

N. blennius, river shiner

N. dorsolis, bigmouth shiner

N. ludibundus, sand shiner

N. rubellus, rosyface shiner

N. volucellus, mimic shiner

N. wickliffi, channel shiner

Opsopoeodus emiliae, pugnose minnow

Phenacobius mirabilis, suckermouth minnow
Phoxinus erythrogaster, southern redbelly dace

Pimephales notatus, bluntnose minnow
P. promelas, fathead minnow
P. vigilax, bullhead minnow
Rhinichthys atratulus, blacknose dace

Semotilus atromaculatus, creek chub

Catastomidae

Cydeptus elongatus, blue sucker

Carpiodes carpio, river carpsucker

C. cyprinus, quillback

C. velifer, highfin carpsucker

Catostomus commersoni, white sucker

Erimyzon oblongus, creek chubsucker

Hypentelium nigricans, northern hogsucker

Ictiobus bubalus, smallmouth buffalo

/. cyprinellus, bigmouth buffalo

/. niger, black buffalo

Lagochila lacera, harelip sucker

Minytrema melanops, spotted sucker

Moxostoma anisurum, silver redhorse

M. carinatum, river redhorse

M. duquesnei, black redhorse

M. erythrurum, golden redhorse

M. macrolepidotum, shorthead redhorse

Ictaluridae

Ameiurus melas, black bullhead

A. natalis, yellow bullhead

Ictalurus punctatus, channel catfish

Noturus eleutherus, mountain madtom
N. flavus, stonecat

N. gyrinus, tadpole madtom
N. miurus, brindled madtom
Pylodictis olivaris, flathead catfish

27,58,61,66,67

19, 20, 22, 26-30, 36, 37, 42, 46-56, 60, 61, 63,

66-68

9, 17

1-4, 6-1 1, 26, 46, 49, 62, 63, 66, 67

1,3,4,8, 10,26,46,66

Erman and Mumford (unpublished data)

1-8, 10, 11, 22, 26, 28-34, 42, 46-54, 56, 63,

65-68

1-3, 6, 8, 26, 28-31, 52, 53, 55, 56, 66-68

29, 30, 50, 68

2-4, 7, 8, 28, 50, 62, 68

Gerking (1945); Erman and Mumford (unpub-

lished data)

1, 3, 8-10, 13, 19, 22, 27, 46-51, 55, 60, 63, 66-68

58,59

1-3, 6-17, 19-34, 36-40, 42-62, 65-70

7, 54, 69

1-4,6-11,46,62,64,65

5, 7, 8, 10-12, 19, 20, 22-25, 27, 28, 30, 34,

36-46,51,55-61,67-70

1-3, 7, 12-26, 28-34, 36-46, 48, 49, 51, 53,

55-61,65,67-70

1,3-6,8-10

1-11,29,46,64,65,68

1-5,7,9, 10,62

6, 8-10, 47

7, 12, 14-17, 19, 21-34, 36-45, 52, 54, 56, 57,

60,61,65,67-70

12, 14-18,33-35

3-5, 7-11, 13, 15, 19-21, 26-34, 36-39, 41-44,

46-58, 60-63, 65-68

1-11

3-5,7,11

Curry and Spacie (1978)

Evermann and Jenkins (1892)

2,9, 14, 15,31,33,46,60

1-3,5-11, 42, 49, 5 1 , 53, 54, 60, 62, 64, 65

6,8, 10, 11

2-4, 6-11, 22, 28, 29, 46, 49-55, 62, 65, 68

1-11, 29-32, 36, 47-49, 51, 54, 55, 60, 62, 66,

67,69
2-1 1, 47-50, 52, 60, 62, 64-66, 69

14, 16, 17,51

9, 13-17, 22, 25, 27, 30-32, 34, 38, 44, 45, 51,

55-57,60,61,64,67,68
1-1 1, 26, 28, 36, 42, 46, 49, 64, 65, 67

8, 10

3, 10, 13, 14, 19, 26, 27, 33, 46, 49, 51, 55, 60,

61,67

60

53,65

1-4,6-9,46,50,65

Gadidae

Lota lota, burbot Curry and Spacie (1978)
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Table 2. (continued)

Species Collection Site

Fundulidae

Fundulus notatus, blackstripe topminnow

Atherinidae

Labidesthes sicculus, brook silverside

Moronidae

Morone chrysops, white bass

M. chrysops x M. saxatilis, hybrid striped bass

Centrarchidae

AmhlopUtes rupestris, rock bass

Lepomis cyanellus, green sunfish

L. gulosus, warmouth

L humilis, orangespotted sunfish

L. macrochinis, bluegill

L. megalotis, longear sunfish

L. microlophus, redear sunfish

Micropterus dolomieu, smallmouth bass

M. piinctidatiis, spotted bass

M. salmoides, largemouth bass

Pomoxis annularis, white crappie

P. nigromaculatus, black crappie

Percidae

Ammocrypta pellucida, eastern sand darter

Etheostoma blennioides, greenside darter

E. caenileum, rainbow darter

E. camurum, bluebreast darter

E. flabellare, fantail darter

E. microperca, least darter

E. nigrum, johnny darter

E. spectabile, orangethroat darter

Perca flavescens, yellow perch

Percina caprodes, logperch

P. copelandi, channel darter

P. maculata, blackside darter

P. phoxocephala, slenderhead darter

P. sciera, dusky darter

P. shumardi, river darter

Stizostedion canadense, sauger

S. vitreum, walleye

Sciaenidae

Aplodinotus grunniens, freshwater drum

Cottidae

Cottus bairdi, mottled sculpin

14, 15

65

3,4,6,9, 10

9, 10

11, 19, 20, 26-32, 34, 36, 42, 43, 46, 48, 49,

51-53,55,56,60-66,68

1, 3, 9-12, 14-26, 28-32, 35, 38, 42-46, 50-53,

55,56,60,61,63,65,67,68,70
Erman and Mumford (unpublished data)

2, 64, 65

1-5, 7-9, 11, 19, 22-24, 26, 28, 36, 45, 46, 49,

51-53,60,62,63,65,66
2-4, 6-17, 19-21, 24, 26, 28-34, 36-39, 42, 43,

46, 49-57, 60, 62-68

51

1-4, 6-11, 13, 19-21, 26-30, 36-39, 46-56, 60,

62-65, 67, 68

1-11, 14, 24-26, 28, 35, 46, 47, 49-51, 53, 62,

64-68

7, 14, 32

1,3,8-11, 15,51

7,62

Gerking (1945); Erman and Mumford (unpub-

lished data); Curry and Spacie (1978)

6, 10-14, 21, 26-31, 33, 34, 36-39, 46-56, 60,

62-65, 68

1-4, 6, 8, 1 1, 13, 19-21, 26-28, 36, 37, 39, 40,

49-56, 63-68

10

11, 13, 19-21, 26-28, 36-39, 55-57, 60

Erman and Mumford (unpublished data)

2, 4, 9-12, 14, 15, 17, 18, 21, 23-27, 29-32, 34,

37-39, 42, 44-46, 49, 51, 53, 55-58, 60, 63-68

11, 12, 19-21,24-26,28-32,36-41,49,51,53,

56, 57, 68

Gerking (1945); Curry and Spacie (1978)

2, 10,48,64,65

Gerking (1945)

14,62

4, 11,63-65

4, 10, 15, 26, 42, 46, 48-51, 53, 55, 56, 63-67

10,65

3-6,8-11,46,65

1,6,8, 10, 11,62

1-11,46

5, 12-14, 19-24, 26-31, 33, 34, 36. 38-45, 51

52,55-58,60,61,67,68.70
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this habitat limited their distribution. These species were most easily captured

using the combination of backpack electrofishing and kick-seining. The only

specimens of the mountain madtom were collected using this combination. These

species were probably not collected during previous sampling efforts because

their preferred habitats were inadequately sampled or, in the case of the Tippeca-

noe River, not sampled at all.

A thriving population of the central mudminnow was also found in a rather

unique habitat. The central mudminnow was one of the most abundant, by num-

ber, of all the species found in an oxbow-like side channel near the mouth of

Wea Creek. This refuge holds a seed population from which the species disperses

to surrounding areas, as the central mudminnow was also collected from three

of the four closest sites sampled on Wea Creek.

The silver chub was only collected from Wabash River sites and at the mouth

of the Tippecanoe River. Specimens collected during the present survey were

quite distinct and, if present during past surveys, would probably not have

been overlooked. Gammon (1995b) has reported collecting silver chub in Tippeca-

noe County since the mid-1970's. The species' current presence in the County

may be a result of the natural extension of its range upstream on the Wabash

River over the last twenty years.

The channel shiner was recently recognized as a species distinct from the

mimic shiner {Notropis volucellus; Gong and Cavender, 1991). During Gerk-

ing's (1945) survey, three mimic shiner subspecies were recognized: the north-

em mimic shiner (Notropis v. volucellus), channel mimic shiner (A^. v. wicklijfi),

and ghost mimic shiner (A^. v. buchanani). Unfortunately, the distributions of

these three subspecies were not separated out when the mimic shiner's distri-

bution was mapped. The channel shiner may have been present in Tippecanoe

County when Gerking (1945) and Curry and Spacie (1978) collected, as both

recorded the mimic shiner.

Other new additions to the County's species list were collected more rarely

during the present survey. The southern redbelly dace was collected from two

sites, both on Sugar Creek, a small tributary in the northeastern section of the

County. The absence of this species from previous surveys could be the result

of its limited range, or its current presence could be the result of human intro-

duction and/or natural movements. The hybrid striped bass now occurs in the

County as a result of stockings in the reservoirs upstream from Tippecanoe Coun-

ty on the Tippecanoe and Wabash Rivers. Single specimens of spotted gar, threadfm

shad, and redear sunfish were collected during the present survey. If they inhab-

ited the County during past surveys, they must have been rare.

Historically Uncommon Species Collected During 1994. The spotted bass

(Micropterus punctulatus), tadpole madtom (Noturus gyrinus), and bluebreast

darter (Etheostoma camurum) were collected during the current survey and were

also recorded by Gerking (1945) or by Erman and Mumford (unpublished data).

However, these species were not collected by Curry and Spacie (1978). The spot-

ted bass was very common during the present survey. This species was collect-
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ed from 29 of the 70 sites sampled and had been reported by both Gerking ( 1 945)

and Erman and Mumford (unpublished data). The spotted bass was probably

misidentified as the largemouth bass (Micropterus salmoides) by Curry and Spa-

cie (1978). The tadpole madtom was reported by Erman and Mumford (unpub-

lished data) from a single location on Little Pine Creek. During the present survey,

a single specimen was collected from Sugar Creek. This species was probably

present in Tippecanoe County when Curry and Spacie (1978) sampled, but it

was rare. The bluebreast darter was last recorded by Gerking (1945), who col-

lected it from the South Fork of Wildcat Creek. The only specimens of the blue-

breast darter collected during the entire study were captured from a rocky run

on the Wabash River using the combination of backpack electrofishing and kick-

seining. This habitat may have been inadequately sampled in the past.

Historic Species Not Collected During 1994. The American eel {Anguil-

la rostrata), northern pike {Esox lucius), black buffalo {Ictiobus niger), burbot

{Lota lota), yellow perch (Percaflavescens), and eastern sand darter (Ammocryp-

tapellucida) were recorded by Curry and Spacie (1978) but were not collected

during the current survey. These species were probably never common in Tippeca-

noe County, as none were recorded from more than three sites by Curry and Spa-

cie (1978). Only one specimen of the northern pike was collected during seven

years of sampling from the Wabash River. Each Wabash River site was visited

only once during the present survey. Curry and Spacie (1978) also employed

techniques (hoop and D-nets) that we did not use. They state that the burbot,

although rare, was occasionally collected during spring D-net sampling. These

species could still persist in low numbers in Tippecanoe County, but, because

each site was sampled only once, and certain species-specific methods were not

employed, they were not recorded in 1994.

Of the six species, only the yellow perch and eastern sand darter were also

recorded by either Gerking (1945) or Erman and Mumford (unpublished data).

The absence of the eastern sand darter, a state species of special concern, was

the most discouraging, as this species had been recorded during all three previ-

ous surveys. Mumford (pers. comm.), who observed the eastern sand darter at

the mouth of Wildcat Creek for many years, expressed concern that the popula-

tion had recently become extirpated. He has not recorded a specimen from the

site for several years. Further collecting effort should be expended to confirm

the extirpation of the eastern sand darter from the County.

Six species reported by either Gerking (1945) or Erman and Mumford (unpub-

lished data) were not found by Curry and Spacie (1978) or during our survey:

the bigmouth shiner {Notropis dorsalis), pugnose minnow {Opsopoeodus emil-

iae), harelip sucker, warmouth (Lepomis gulosus), least darter (Etheostoma

microperca), and channel darter (Percina copelandi). Inclusion of the harelip

sucker (now extinct) in the County list is questionable. Evermann and Jenkins

(1892) examined specimens of this species from the "Tippecanoe River, west of

Delphi," and they were told that it also occurred in the Wabash River. Whether

the harelip sucker ever inhabited Tippecanoe County is questionable. Inclusion



162 Zoology: Fisher, Wente, Simon, & Spacie Vol. 107 (1998)

of the channel darter is also questionable since the dot on the Wabash River in

Tippecanoe County on Gerking's (1945) distribution map is contradicted by the

accompanying text which states that the species was only found in Fountain and

Warren Counties. Even if Gerking (1945) was in error, the sites listed in the

text are relatively close to Tippecanoe County. Recent evidence suggests that the

channel darter may still occur here. Carney, et ai (1993) recorded the species

from the Tippecanoe River in Carroll County, just upstream from the Tippeca-

noe County Line, and Page (1983) recorded the channel darter from two sites on

the Wabash River just upstream from Tippecanoe County.

The pugnose minnow was reported by both Gerking (1945) and Erman and

Mumford (unpublished data) but has not been reported since. The warmouth,

least darter, and bigmouth shiner have only been reported by Erman and Mum-
ford (unpublished data). The warmouth was collected from a pond at the Pur-

due-Baker Wildlife Area, where the species may have been introduced (Erman

and Mumford, unpublished data). Since Erman and Mumford's collections,

this pond has been drained several times. Therefore, the continued existence of

the warmouth at this location seems highly unlikely. However, this and other

pond habitats, where the warmouth is more likely to occur, were not sampled

during the present survey, and the current status of this species is unknown.

Erman and Mumford (unpublished data) recorded the least darter and big-

mouth shiner only once from Moot's and Sugar Creeks, respectively. The big-

mouth shiner has only been recorded at two other sites in Indiana and may
have been misidentified by Erman and Mumford (unpublished data). Voucher

specimens could not be located to confirm the identification of the least darter

and bigmouth shiner. If these two species still occur in Tippecanoe County, they

must be extremely rare.

Fish Community Composition in 1994. Several species were very com-

mon in the Wabash River tributaries during the present survey. Seventeen species

were collected from at least 50% of the 59 non-Wabash sites sampled (Table

3). The bluntnose minnow (Pimephales notatus), central stoneroller (Campos-

toma anomalum), and creek chub (Semotilus atromaculatus) were all collected

at more than 75% of the sites. Several species, although not common in the trib-

utaries, were very common in the Wabash River (Table 3). Ten species were

found at all eleven Wabash River sites, and seven others were collected from ten

sites. Thirty species had distributions limited to the Wabash River, Tippecanoe

River, or the mouth of Wildcat Creek ( 1 6 total sites). Of these species, the shov-

elnose sturgeon (Scaphirhynchus platorynchus), mooneye (Hiodon tergisus),

gravel chub (Erimystax x-punctata), speckled chub (Extrarius aestivalis), bull-

head minnow (Pimephales vigilax), blue sucker (Cycleptus elongatus), small-

mouth buffalo (Ictiobus bubalus), sauger (Stizostedion canadense), walleye

(S. vitreum), and freshwater drum (Aplodinotus grunniens) were collected

from six or more of the 16 sites. The American brook lamprey (Lampetra appen-

dix), central mudminnow, grass pickerel {Esox americanus vermiculatus), redfin

shiner (Lythrurus umbratilis), hornyhead chub, creek chubsucker (Erimyzon
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Table 3. Most common species collected during 1994.

Overall #/70 Wabash River Tributaries #/59 Wabash River #/ll

Pimephales notatus 63 Pimephales notatus 54 Lepisosteus osseus 11

Campostoma anomalum 56 Campostoma anomalum 51 Dorosoma cepedianum 11

Semotilus atromaculatus 53 Semotilus atromaculatus 49 Cyprinella spiloptera 11

Hypentelium nigricans 51 Hypentelium nigricans 43 Cyprinus carpio 11

Lepomis megalotis 51 Lepomis megalotis 42 Carpiodes carpio 11

Luxilus chrysocephalus 46 Luxilus chrysocephalus 41 Ictiobus bubalus 11

Lepomis cyanellus 44 Catostomus commersoni 41 Moxostoma erythrurum 11

Cyprinella spiloptera 42 Lepomis cyanellus 39 Ictalurus punctatus 11

Catostomus commersoni 42 Cottus bairdi 37 Micropterus punctulatus 11

Etheostoma nigrum 42 Etheostoma nigrum 37 Aplodinotus grunniens 11

Micropterus dolomieu 41 Rhinichthys atratulus 34 Cyprinella whipplei 10

Ericymba buccata 40 Ericymba buccata 34 Notropis atherinoides 10

Rhinichthys atratulus 39 Etheostoma blennioides 33 Notropis ludibundus 10

Coitus bairdi 38 Cyprinella spiloptera 31 Pimephales vigilax 10

Notropis ludibundus 36 Micropterus dolomieu 31 Moxostoma anisurum 10

Etheostoma blennioides 36 Ambloplites rupestris 29 Moxostoma macrolepidotum 10

Nocomis micropogon 35 Nocomis micropogon 28 Micropterus dolomieu 10

#/70 = The number of sites at which each listed species was found out of the 70 total sites that were sam-

pled in the current survey.

#/59 = The number of sites at which each listed species was found out of the 59 Wabash River tributary sites.

#/l 1 = The number of sites at which each listed species was found out of the 1 1 Wabash River mainstem

sites.

oblongus), black bullhead {Ameiurus melas), tadpole madtom, blackstripe top-

minnow {Fundulus notatus), and redear sunfish were never collected from the

Wabash or Tippecanoe Rivers. Eight species were collected from only one site

during the present survey: paddlefish (Polyodon spathula), spotted gar, threadfm

shad, Mississippi silvery minnow (Hybognathus nuchalis), tadpole madtom,

brook silverside {Labidesthes sicculus), redear sunfish, and bluebreast darter.

Of the 70 sites sampled, site 10 (Wabash River at the mouth of the Tippeca-

noe River) was the most diverse with 49 species collected. More than 40 species

were collected from seven of the eleven Wabash River sites; the Wabash River

sites averaged 40 species. The most diverse fish community of the non-Wabash

River sites was found at site 65 on the Tippecanoe River, where 37 species were

collected. Thirty or more species were collected from eight Wabash tributary

sites: Wea Creek (site 26), Wildcat Creek (46), North Fork Wildcat Creek (49),

South Fork Wildcat Creek (51), the Tippecanoe River (62 and 65), and Moot's

Creek (67 and 68). Generally, species diversity increased with increasing drainage

area. Utilizing a variety of collection methods was very beneficial in increas-

ing the number of species that were collected from each site. Seining at small-

er stream sites almost always resulted in the discovery of at least one or two

additional species, even after extensive electrofishing had been completed. At

boat electrofishing sites, additional collection methods yielded, on the average,

ten additional species per site.



164 Zoology: Fisher, Wente, Simon, & Spade Vol. 107 (1998)

Although specific comparisons of species distribution and abundance can

not be made between Curry and Spacie (1978) and our survey, some general

trends are evident. Besides the spotted bass and dusky darter, which have already

been discussed, other species have seemingly increased their range and abun-

dance in the County since the 1970's (Table 4). During the present survey, the

bullhead minnow and steelcolor shiner {Cyprinella whipplei) were both collected

from ten of eleven Wabash River sites, and the blue sucker was collected from

eight. Curry and Spacie (1978) did not record the bullhead minnow or steelcol-

or shiner from any of their nine Wabash River sites, and they collected the blue

sucker from only one. Both the bullhead minnow and steelcolor shiner may have

been misidentified by Curry and Spacie (1978). If so, the perceived increase in

abundance is merely a reflection of this error. However, the blue sucker could

hardly be misidentified. Curry and Spacie (1978) "sighted one blue sucker while

electrofishing in the Wabash River. . .
." during seven years of collecting. Dur-

ing the current survey, this species was collected from eight of eleven Wabash

River sites. The results of this survey and those of Ganmion (1993, 1995a) demon-

strate the remarkable recovery this species has made over the past twenty

years. The increase in the blue sucker was one of several signs that the Wabash

River may be supporting a much more abundant and diverse fish community

than it did two decades ago.

Hypothetical Species. Several species have never been recorded from with-

in Tippecanoe County but may now occur (or may soon occur) there. The Tippeca-

noe darter (Etheostoma tippecanoe) has been collected from the Tippecanoe

River just upstream from the County Line (Ecological Specialist, Inc., 1993;

Simon, unpublished data). If more sites had been sampled within Tippecanoe

County on the Tippecanoe River, this species may well have been discovered.

The western mosquitofish (Gambusia ajfinh), a species widely stocked for mos-

quito control, has probably been introduced into some small ponds or wetland

areas in the County. It will only be a matter of time before this species is found

in the streams and rivers of the County. The goldfish {Carassius auratus) prob-

ably occurs in the County but remains rare. Records for other exotics, such as

the grass carp (Ctenopharyngodon idella) and bighead carp (Hypopthalmichthys

nobilis), have been on the rise across Indiana in the last few years and will prob-

ably be reported from Tippecanoe County in the near future.

Conclusions. Some may question the usefulness of collecting fish from with-

in political boundaries because fish do not recognize county lines. However,

studying the fauna of a region containing several different watersheds can pro-

vide important information about the statewide distribution of certain fish species.

As noted in the present survey, several new species now occur in Tippecanoe

County, possibly as the result of range extensions, either by natural or anthro-

pogenic means. Also, the ranges of rarer species can be better defined as the

result of intensive collecting in a region of the State rather than in only one water-

shed. Important information about the current distribution of the bluebreast darter

(state endangered), blue sucker, river redhorse, and eastern sand darter (all

state species of special concern) was provided by the present survey.

I
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Table 4. Species with the greatest percent increase in occurrence from the 39 sites shared by both Curry and

Spacie (1978) and our survey. Only those species found from at least three of the overall and Wabash River

tributaries sites and two of the Wabash River sites during the 1994 survey are compared.

Overall (#/39) '78 •94 Wabash River Trib. (#/30) '78 '94 Wabash River (#/9) 78 '94

Micropterus punctulatus 16 Micropterus punctulatus 7 Micropterus punctulatus 9

Percina sclera 9 Percina sclera 7 Cyprlnella whipplei 8

Pimephales vigilax 1 9 Notropis ludlbundus 2 17 Pimephales vlgllax 8

Cyphnella whipplei 2 16 Cyprlnus carplo 1 7 Etheostoma caeruleum 6

Cycleptus elongatus 1 6 Ameiurus natalis 2 12 Rhlnlchthys atratulus 4

Ambloplites rupestris 3 18 Ambloplites rupestris 3 17 Notropis rubellus 4

Ameiurus natalis 2 12 Moxostoma erythrurum 2 10 Etheostoma blennloldes 3

Lepomis macrochinis 4 17 Lepomis macrochlrus 2 10 Macrhybopsls storerlano 3

Notropis rubellus 3 12 Dorosoma cepedlanum 1 5 Percina phoxocephala 2

Ictalunis punctatiis 4 14 Ictalurus punctatus 1 5 Percina sclera 2

Noturus flaviis 3 10 Hybopsis amblops 2 8 Noturus flavus 2

Etheostoma flabellare 3 9 Cyprlnella whipplei 2 8 Cycleptus elongatus 1 6

Erimystax x-punctata 1 3 Lepomis cyanellus 6 20 Stlzostedlon vltreum 1 4

Lepomis cyanellus 8 24 Micropterus dolomieu 6 17 Lepomis macrochlrus 2 7

Ehmyzon oblongus 1 3 Etheostoma flabellare 3 8 Erimystax x-punctata 1 3

Hybopsis amblops 4 11 Notropis rubellus 3 8 Ictalurus punctatus 3 9

Micropterus dolomieu 10 25 Noturus flavus 3 8 Carplodes cyprlnus 3 7

#/39 =The number of sites at which each listed species was found out of the 39 sites that were sampled by

Curry and Spacie.

#/30 =The number of sites at which each listed species was found out of the 30 Wabash River tributary sites

sampled by Curry and Spacie.

#/9 = The number of sites at which each listed species was found out of the 9 Wabash River mainstem sites

samples by Curry and Spacie.

Ninety-seven species offish, of which 13 were new county records, were

collected from 70 sites sampled in Tippecanoe County during 1994; 12 species

recorded during previous surveys were not collected. The addition of several

new species and the range extension and increased abundance of several others

suggest that the water quality, especially of the Wabash River, has improved over

the last two decades in Tippecanoe County. Tippecanoe County has and contin-

ues to support a diverse fish community (109 species offish have now been

recorded). The methods by which the present survey were conducted have suc-

cessfully provided baseline data to which future surveys can be significantly and

accurately compared. The authors of this study hope to continue their investi-

gation of Tippecanoe County fishes into the 21'' Century.
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ADDENDUM
Several new species have been collected from Tippecanoe County since the

initial survey was completed in 1994. The bighead carp (1997) and grass carp

(1998) were both caught by local anglers from a pond connected to the Wabash

River at site 7 (Dave Kellam, pers. comm.). The pirate perch {Aphredoderus

sayanus) was collected by the authors during sampling in 1996 at site 65 on the

Tippecanoe River, and western mosquitofish was collected during 1998 between

sites 36 and 37 on the Wabash River. The addition of these four species brings

the known total recorded from Tippecanoe County to 113.
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ABSTRACT: The western harvest mouse, Reithrodontomys megalotis, entered

Newton County in northwestern Indiana around 1969. By 1975, this species

had extended its range to include seven counties. The harvest mouse has con-

tinued to spread and now occurs in the following 18 counties in northwest-

ern Indiana: Benton, Carroll, Cass, Clay, Fountain, Fulton, Jasper, Lake,

Marshall, Newton, Parke, Pulaski, Starke, Tippecanoe, Vermillion, Vigo, War-

ren, and White Counties.

KEYWORDS: Distribution, Reithrodontomys megalotis, western harvest

mouse.

INTRODUCTION

The first western harvest mice in Illinois were taken in northwestern Illinois

in 1953 (Hoffmeister and Wamock, 1955). Over the next 15 years, the species

expanded its range across Illinois (Birkenholz, 1967; Klimstra, 1957; Pinkham

and Meade, 1970; Verts, 1960). In Indiana, the first western harvest mice

(n = 4) were taken in August 1969 at Willow Slough Fish and Wildlife Area in

Newton County (Whitaker and Sly, 1970) in areas where trapping had been car-

ried out for at least 25 years. We suspect this is where and when harvest mice

first entered Indiana. Following the initial captures, harvest mice have been cap-

tured quite regularly at Willow Slough, although the numbers taken are some-

what smaller today than previously. The numbers taken on alternate-year spring

field trips using about 1,200 to 2,000 traps for two nights from 1971 through

1999 were 11, 22, 14, 9, 0, 5, 6, 0, 9, 10, 7, 0, 0, 5, and 1.

Ford (1975) found that the species had extended its range to include at

least seven Indiana counties by 1974 (Benton, Carroll, Jasper, Newton, Tippeca-

noe, Vermillion, and Warren Counties). The mice taken in Vermillion County

were from the extreme northern part of the County. The first individuals from

southern Vermillion County {n = 5) were taken at the Newport Chemical Depot

in 1995. The first harvest mice in Vigo County were taken at Indiana State

University's field station at Kieweg Woods in West Terre Haute in 1995. One
was taken at the Amax Coal Mine, southwest of Brazil, Clay County, in 1996

(Steven Conrad, Indiana State Univ., unpub. data). The western harvest mouse

is considered a species of special concern by the Indiana Department of Natur-
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S 1998

TRAP SITE LOCATIONS:
X indicates harvest mice taken

o indicates no harvest mice taken

Figure 1 . Distribution of the western harvest mouse, Reithrodontomys megalotis, in north-

western Indiana in 1969, 1975, and 1998.

al Resources. In this study, we document the extension of the harvest mouse's

range since 1 975 and map its current distribution in Indiana.

MATERIALS AND METHODS
From 1996 through 1998, snap-back mousetraps were used to sample early

serai stage open fields, the primary habitat of the western harvest mouse in Indi-

ana (Mumford and Whitaker, 1982). The sites were along the perimeter of the



Vol. 107 (1998) Indiana Academy of Science 169

Table 1 . Trapping data for the western harvest mouse, Reithrodontomys megalotis, in

northwestern Indiana from 1996 to 1998.

Number of Sites Number of Harvest

County Sites Trapped With Harvest

Mice Taken

Mice Taken

Carroll 3 1 1

Cass 4 1 6

Clay 3 1 2

Fountain 5 1 1

Fulton 5 1 2

Lake 5 2 3

LaPorte 2

Marshall 5 1 2

Parke 8 3 7

Porter 1

Pulaski 3 1 2

Starke 4 1 3

Tippecanoe 3

Vigo 3

White 1 1 1

Total 55 14 30

harvest mouse's previously known range, and a total of 250 or 300 traps was

used at each site. Each site was trapped for three nights or until a harvest

mouse was taken. Fifty-eight sites that appeared to provide suitable habitat for

harvest mice were trapped in 15 counties (Figure 1, Table 1).

RESULTS AND DISCUSSION

Western harvest mice were taken at 14 sites in 11 Indiana counties. New
county records since the study of Ford (1975) are from Cass, Clay, Fountain,

Fulton, Lake, Marshall, Parke, Pulaski, Starke, Vigo, and White Counties. Along

the Illinois border, the species ranges from Lake County in the north to Vigo

County in the south. To the east, the harvest mouse is present in western Carroll,

Cass, Fulton, and Marshall Counties. The harvest mouse's current range includes

18 Indiana counties.

This species appears to invade early serai stage habitat and then builds large

populations rapidly. This pattern was followed at the time of the mouse's inva-

sion of Indiana. A large uncut rye (Secale cereale) field at the Willow Slough

Fish and Wildlife Area was the site of initial colonization. A large population

occurred in that field, forming a dispersal base (Whitaker and Mumford,

1972). Cultivated fields often go fallow, providing necessary early stage habi-

tat. The occurrence of patches of this habitat type allows the species to expand

into new areas at the borders of its range and within its range. Harvest mice
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dispersed across northern Illinois in about 15 years and across half of northern

Indiana in the next 25 years. The biggest hindrance to dispersal appears to be

major rivers. Once a river is crossed, the species disperses rapidly.

Once the species moved into Indiana between the Kankakee and Wabash

Rivers, the harvest mouse dispersed southward through Benton, Vermillion, and

Vigo Counties west of the Wabash River and to the northeast between the Wabash

and Kankakee Rivers. The species also crossed the Kankakee River into Lake

County, or else new individuals invaded from Illinois north of the Kankakee. No
specimens have been taken in either Porter or LaPorte Counties. The species has

also moved eastward across the Wabash River into Parke, Fountain, and Clay

Counties.

In about 25 years, the western harvest mouse has dispersed about 75 miles

to the east and over 100 miles to the south in Indiana. The species has also crossed

the Wabash and Kankakee Rivers. It will be interesting to see how much far-

ther this species disperses in Indiana. Since the species appears well established

in Indiana, perhaps its status as a species of "special concern" should be

reevaluated.

Whitaker and Mumford (1972) gathered information on the reproduction,

food, and ectoparasites of this species in Newton County. They examined 1 80

individuals and collected 271 ectoparasites in 5 species (3 mites and 2 fleas).

They found no lice. We later found lice on this species at the Willow Slough Fish

and Wildlife Area.
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ABSTRACT: The Indianapolis International Airport is in a highly developed

area. The bats there have been studied since 1991 and comprise a diverse com-

munity of all the species one might expect, including the federally endangered

Indiana myotis (Myotis sodalis), the state endangered evening bat {Nycticeius

humeralis), and six other species (big brown bat, Eptesicusfuscus; eastern red

bat, Lasiurus borealis; hoary bat, L. cinereus; little brown myotis, M. lucifu-

gus; northern myotis, M. septentrionalis; and eastern pipistrelle, Pipistrel-

lus subflavus). This community offers an interesting contrast to the bat community

along Prairie Creek in Vigo County which occupies a more pristine and,

until recently, nearly unfragmented bottomland forest. Prairie Creek harbors

these same eight species (as well as the silver-haired bat, Lasionycteris noc-

tivagans), but their abundance is very different. In both 1997 and 1998, the

evening bat, Indiana myotis, northern myotis, and eastern pipistrelle were sig-

nificantly more common at Prairie Creek than at the airport. All of these species

are woodland bats, and their lower abundance at the airport may represent the

effects of habitat fragmentation. Similarly, the big brown bat, a common human
associate, was significantly more abundant at the airport in 1998. The exis-

tence of multiple-year data, large numbers of roost structures, diversity in the

chiropteran community, ease of comparison with Prairie Creek, and presence

of easily accessible colonies of the northern myotis make the airport's bat

community worthy of further research.

KEYWORDS: Bats, Chiroptera, conservation, habitat fragmentation, Indi-

anapolis International Airport, Myotis sodalis, urbanization.

INTRODUCTION

The continuing development of rural areas and the resulting expansion of

urban and suburban areas present an ever-increasing challenge to conservation

biology. Unfortunately, relatively little information is available about how var-

ious organisms, including bats, respond to the landscape-level changes that are

associated with development.

In 1991, the Indianapolis Airport Authority wished to begin construction

of a new United Airlines Regional Service Hub just west of Indianapolis and just

north of 1-70 in Marion County. For this work to proceed, the area had to be sur-

veyed for the federally endangered Indiana myotis (Myotis sodalis). Because

Indiana myotis begin to migrate to their hibemacula in mid-August (Humphrey,
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et ai, 1977), surveys for summer colonies of this species are restricted to a win-

dow between 15 May and 15 August which had just passed when the Indianapolis

Airport Authority requested the survey. Construction could not be delayed

until 1992; therefore, the Indianapolis Airport Authority entered into an agree-

ment with the U.S. Fish and Wildlife Service to assume that the Indiana myotis

was present on the study site and to mitigate for potential habitat losses that might

occur because of construction. Development and implementation of the miti-

gation plan was allocated to a private consulting firm. The plan included regu-

lar mist-net surveys in areas near the new service hub, planting of new woodlands

and wetlands to replace those lost to construction, placement and monitoring

of a large number of roost structures for bats, and radiotelemetry of any Indi-

ana myotis captured during the study.

The work was underway when the situation was further complicated by the

capture of three Indiana myotis in 1994. Radiotelemetry of two Indiana myotis

captured during 1996 resulted in the discovery of a roost site just south of 1-70.

Beginning in 1997, responsibility for monitoring the bat community passed to

American Consulting Engineers, Inc., who subcontracted the bat studies to Indi-

ana State University. The main purpose of this paper is to describe the chiropteran

fauna in the developed area near the Indianapolis International Airport. A sec-

ond purpose is to compare that fauna with a community of bats from Prairie

Creek, a large, undeveloped Wabash River floodplain woodland in southern Vigo

County, Indiana.

The airport site consists of many small, fragmented woodlands which are

surrounded by a mix of agricultural, industrial, and residential areas. Con-

versely, the Prairie Creek site is a large (650 ha), relatively pristine remnant of

bottomland hardwood forest bordered by agricultural fields to the north, west,

and south. Farther west, the Wabash River borders the agricultural fields. Prairie

Creek is the site of an ongoing long-term study on the community ecology of

bats (Whitaker, 1997) that began in 1994. A comparison of these two commu-
nities has the potential to yield abundant information useful in the conservation

of bats in general.

METHODS AND MATERIALS

Bats at both sites were captured in mist-nets. We captured most bats at the

airport as part of a program of regular mist-netting at ten permanent stations.

These stations are relatively equally spaced along the East Fork of White Lick

Creek between the towns of Plainfield (Hendricks County) and Mooresville

(Morgan County), Indiana. In addition, some data are included from mist-net-

ted sites near two known roosts of the Indiana myotis (A and B).

We netted each of the ten creek sites three times during 1998 (for 30 net

nights) and nine of them three times and one twice during 1997 (for 29 net nights).

Mist-nets (9 x 6 m or 9 x 9 m) were suspended from poles by a pulley system

similar to that described by Gardner, et al (1989). Mist-nets were placed over

the creek such that their tops reached as close to the canopy trees as possible.
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and their bottoms were just above the stream. We monitored these nets contin-

uously using a bat detector (an Anabat II detector, Titley Electronics, Sidney,

Australia; or a Summit mini-2 bat detector, Birmingham, England) to determine

the amount of bat activity. In 1997, the nets along the creek were tended from

dusk until 2 A.M. (all times are Eastern Standard Time). In 1998, netting ceased

after midnight when activity (as evidenced by echolocations) decreased.

We also netted periodically near the original roost (A) and a second roost

(B) discovered by radiotracking an Indiana myotis captured at Roost A in

1997. Some nets were checked from dusk until dawn, and others were taken

down shortly after dusk and then put back up at 3 A.M. This procedure was used

because many individuals of the Indiana myotis were captured early in the morn-

ing, and the objective of this netting was to capture Indiana myotis for radio-

tracking studies. Data from these sites were not included in our analyses because

the netting techniques at these sites were dramatically different from those

used along the East Fork of White Lick Creek or along Prairie Creek.

The netting along Prairie Creek differed from that at the airport in dura-

tion, seasonality, and intensity. Nets at Prairie Creek were usually left in place

until 1 A.M. Rather than being limited to a 15 May to 15 August window, nets

were used at Prairie Creek once per week from March through October, except

when prevented by flooding. The sampling effort at the airport was more intense

(10 times per month) than at Prairie Creek (4 times per month). At Prairie Creek,

we netted 21, 26, 16, 31, and 33 times per year between 1994 and 1998,

respectively.

Statistical analysis was done using SPSS 6.1 for Windows (SPSS, 1996). All

tests were two-tailed, and a rejection level of a = 0.05 was used throughout the

study. A Kruskal-Wallis test was used to examine the annual variation within the

species at Prairie Creek for all data and also for a subset consisting of only those

data that were collected during the 15 May to 15 August window. We used Mann-

Whitney U tests to compare the annual variation at the airport. Because of the

presence of significant year-to-year variation in the Prairie Creek data, all

comparisons were limited to data from the 15 May to 15 August window with-

in a given year. We used Mann-Whitney U tests to compare the capture records

at Prairie Creek to those along the East Fork of White Lick Creek for the 1997

and 1998 field seasons.

RESULTS

The two communities, although in very different ecological situations, both

contain the same species (all the species that would be expected at those sites

during the time of year studies were conducted. Table 1). There was, however,

great variation in the relative abundance of the species. Efforts at all our sites

resulted in the capture of 1,321 bats representing nine species. The regular mist-

net surveys along the East Fork of White Lick Creek at the airport resulted in

the capture of 233 bats representing eight different species, whereas 71 bats rep-

resenting six species were captured by mist-netting near the known Indiana myotis
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Table 1 . Total number and capture rates of bats caught at the Indianapolis International

Airport in Hendricks and Marion Counties and along Prairie Creek in Vigo County. A
subset of these data are compared in Table 2.

Site East Fork of

White Lick Creek

Known Indiana Myotis

Roosts at the Airport Prairie Creek

Number of Net Nights 59 14 127

Species Caught Number
of Bats

Bats Caught

per Night

Number
of Bats

Bats Caught

per Night

Number
of Bats

Bats Caught

per Night

Eptesicusfuscus 158 2.68 33 2.36 207 1.63

Lasiurus borealis 29 0.49 2 0.14 88 0.69

Lasiurus cinereus 1 0.40 1 0.07 1 0.01

Myotis lucifugus

MyOtis septentrionalis

Myotis sodalis

24

13

0.41

0.22

0.00

4

10

11

0.29

0.71

0.79

62

188

44

0.49

1.48

0.35

Nycticeius humeralis 8 0.14 7 0.50 354 2.79

Total 233 3.95 68 4.86 944 7.43

roosts at the airport in 1997 and 1998. Netting along Prairie Creek resulted in

the capture of 944 bats representing nine species. With the exception of the sil-

ver-haired bat, these species were the same eight species as recorded at the air-

port during the same time period.

We found significant year-to-year effects at Prairie Creek but not at the air-

port. When data from all years at Prairie Creek were compared, significant annu-

al variation was present for the big brown bat {x' = 10.627, p - 0.031), little

brown myotis {t = 12.612,/? = 0.013), northern myotis (x' = 10.351,/? = 0.035),

and Indiana myotis (x' = 1 8.687, p = 0.001 ). We then limited our analysis to only

the data on bats captured between 15 May and 15 August. Even with this more

restrictive data set, we still found significant year-to-year variation for the north-

em myotis (x' = 9.624, p = 0.047) and Indiana myotis (x' = 14.992, p = 0.005)

as well as a trend for the little brown myotis (x^ = 9.001, /? = 0.061). Finally,

we compared the data from Prairie Creek which was collected between 15

May and 15 August in 1997 and 1998. Both the northern myotis (U = 121.5,

p = 0.0338) and Indiana myotis (U= 133.0,/? = 0.0290) were significantly more

abundant in 1997 than in 1998. Thus, we limited comparisons to within years

(1997 data from the airport compared with 1997 data from Prairie Creek and

1998 data compared with 1998 data). Comparisons were further Umited to data

collected between 15 May and 15 August.

The big brown bat was significantly more common at the airport in 1998

and tended (but not significantly) to be more common there in 1997 (Table 2).

The Indiana myotis, evening bat, northern myotis, and eastern pipistrelle were

significantly more common at Prairie Creek during both 1997 and 1998

(Table 2).



Vol. 107(1998) Indiana Academy of Science 175

Table 2. A comparison of bat captures between the regular airport nettings and the net-

tings along Prairie Creek in 1997 and 1998. Prairie Creek data are restricted to efforts

that took place during the same time period as at the airport (15 May to 15 August).

Species are listed in the apparent order of abundance at the regular netting sites at the

airport. Asterisks (*) indicate significant differences (rejection set at a = 0.05).

1997 A irport Prairie Creek Comparison

Number of Net Nights 29 17

Species Caught Number Bats Caught Number Bats Caught Mann - p
of Bats per Night of Bats per Night Whitney U

Eptesicusfuscus 64 2.21 8 0.47 177.0 0.099

Lasiurus borealis 16 0.55 4 0.24 203.0 0.211

Myotis lucifugus 10 0.34 9 0.53 194.0 0.121

Myotis septentrionalis 10 0.34 28 1.65 100.5 < 0.001*

Nycticeius humeralis 1 0.03 56 3.29 90.0 < 0.001*

Pipistrellus subflavus 4 0.14 12 0.71 173.0 0.025*

Lasiurus cinereus 1 0.03 0.00 238.0 0.444

Myotis sodalis 0.00 11 0.65 130.5 < 0.001*

1998 Airport Prairie Creek Comparison

Number of Net Nights 30 2 3

Species Caught Number Bats Caught Number Bats Caught Mann - p
of Bats per Night of Bats per Night Whitney U

Eptesicusfuscus 94 3.13 13 0.57 155.5 < 0.001*

Lasiurus borealis 13 0.43 9 0.39 334.5 0.812

Myotis lucifugus 14 0.47 5 0.22 297.5 0.279

Myotis septentrionalis 3 0.10 18 0.78 207.0 0.001*

Nycticeius humeralis 7 0.23 54 2.35 179.0 < 0.001*

Pipistrellus subflavus 2 0.07 9 0.39 2447.0 0.010*

Lasiurus cinereus 0.00 1 0.04 330.0 0.253

Myotis sodalis 0.00 5 0.22 300.0 0.044*

DISCUSSION

Only nine bat species could be expected to occur at the airport or Prairie

Creek (Mumford and Whitaker, 1982). Eight of these species were captured at

both sites in 1997 and 1998, and the ninth species, the silver-haired bat (Lasionyc-

teris noctivagans), was present at Prairie Creek but not at the airport in 1997 and

1998. Silver-haired bats are present in Indiana primarily as migrants (April to

early June and again in September and October) although rare hibernating

individuals can be found (Mumford and Whitaker, 1982). The silver-haired bat

is undoubtedly present at the airport but was not collected during the limited

work there.
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Excluding the silver-haired bat, the same species were present in both study

areas. However, the two sites did differ greatly in the relative abundance of these

species (Table 2). The big brown bat is the dominant species at the airport, but

this species is less common at Prairie Creek. The big brown bat is commonly

found in buildings (Cope, et al, 1961; Whitaker and Gummer, 1989), and, thus,

this difference in abundance is not surprising given the proximity of the airport

to urban and suburban areas. Four colonies of the big brown bat were found near

the airport despite the fact that we did not conduct a formal survey for them. The

big brown bat was not present at Prairie Creek during the maternity season

although at least one post-lactation colony was established there in late July.

Of the nine bat species studied, the big brown bat was the only species that was

significantly more abundant at the airport during 1998.

Four other species (the evening bat, Indiana myotis, northern myotis, and

eastern pipistrelle) were significantly more abundant at Prairie Creek during both

1997 and 1998. All these species roost in trees (Whitaker and Hamilton, 1998).

Thus, the differences in abundance are probably related to the greater variety

of forested habitat and the greater abundance of potential roosts at Prairie Creek.

Further evidence suggesting that the fragmented nature of the woodlots at

the airport is the main cause of this pattern is evident in our data from Prairie

Creek. In September 1997, a 2.5-mile stretch of Prairie Creek in our study area

was bulldozed as part of an attempt to increase stream drainage. A comparison

of the 1997 and 1998 data from Prairie Creek demonstrates a significant decrease

in the abundance of the Indiana myotis and northern myotis. Interestingly, a

comparison between Prairie Creek and the airport for 1997 and 1998 shows these

species to be more abundant at Prairie Creek during both years. Prairie Creek

still supported more of these woodland bats than the airport even after this

disturbance.

The evening bat was the species captured most frequently at Prairie Creek,

but this species was relatively rare at the airport. In Indiana, the evening bat lives

primarily near large river bottoms (J.O. Whitaker, Jr., unpubl. data) although

12 colonies have been found in buildings (Whitaker and Gummer, 1994). We
radiotracked two evening bats to a total of four roosts near the airport. The

only roost located in 1997 was a hollow in an American beech (Fagus grandi-

folia) located on private property north of 1-70. This roost was occupied between

15 and 17 August, and three bats were observed leaving this roost on 16 August.

We were surprised that the bats were roosting in this woodlot given that this

species prefers secluded bottoms and here the roost was near an active con-

struction site. The three roosts located in 1 998 were all south of 1-70 in a series

of connected woodlots that also housed the main roost of the Indiana myotis as

well as several northern myotis roosts. These roosts were located by radiotracking

a female evening bat. The first roost was in a bitternut hickory (Carya cordi-

formis) that was occupied on the night of 14 July. The second roost was also in

a bitternut hickory where 69 bats were observed emerging on 15 July. The third

and final roost was in a white oak {Quercus alba) snag near the site of the main
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Indiana myotis roost. The woodlots containing these roosts are targeted to become

part of a permanent habitat set-aside created as part of the airport's conservation

efforts. When young evening bats become volant, the maternity colonies of

that species break up, and the individuals become widely scattered. Because all

the evening bats we radiotracked were captured after the young were flying,

we were unable to determine if any of these roosts were a primary maternity

colony of that species.

The northern myotis was the fourth most abundant bat at the airport, at least

as indicated by our netting, but this species was taken at a relatively low rate

(0.21 per night). This result was surprising because the northern myotis is the

species that occupied the roost structures at the airport. The northern myotis was

the second most common species at Prairie Creek. This result was also not sur-

prising because this bat is a woodland species and a gleaner. This pattern of feed-

ing may result in the bats at Prairie Creek spending more time under the dense

canopy that covers that stream than the bats at the airport did under the less dense

forest along the East Fork of White Lick Creek.

The Indiana myotis was not captured during the regular mist netting at the

airport and was only captured during irregular netting near the Indiana myotis

maternity colonies. The Indiana myotis has been captured at Prairie Creek (16

between 15 May and 15 August). Perhaps this indicates that this bat often for-

ages in areas of dense cover similar to that found along Prairie Creek. The lack

of the Indiana myotis at the airport, when a known maternity colony occurs near-

by, could call into question the technique of netting streams to determine the

presence of the Indiana myotis, at least in situations with litde canopy cover over

streams.

We failed to find significant differences in abundance for the eastern red bat,

little brown myotis, and hoary bat. The second most abundant bat at the airport

was the eastern red bat which was the fifth most common bat at Prairie Creek.

Red bats roost among the foliage of trees, and, thus, one might expect them to

be more common at Prairie Creek. However, these bats often occur in subur-

ban and open areas, so their abundance at the airport is not surprising. The lit-

tle brown myotis was the third most common species at the airport and was sixth

in abundance at Prairie Creek. Nevertheless, these differences were not signifi-

cant. The little brown myotis, like the big brown bat, is associated with people

and their structures; thus, the little brown myotis should be more common near

the airport than in the dense woods at Prairie Creek. One possible explanation

for why the population sizes at these two stations are not significantly different

is that the little brown myotis is becoming less common, and, thus, differences

between these sites are less detectable. Cope, etai (1961) located 188 bat colonies

in buildings of which 41 (22%) were colonies of the litde brown myotis. Using

the same techniques, Whitaker and Gummer (1989) located 23 1 colonies of which

only 34 (15%) were of the little brown myotis. We failed to capture enough hoary

bats at either site to detect any difference in abundance that might exist.
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Some differences noted between the two communities may be due to dif-

ferences between the forests at Prairie Creek and those along the stream at the

airport. The vegetation at Prairie Creek is much better for netting. The canopy

tends to be closer to the stream and is more continuous along Prairie Creek,

whereas the canopy at the airport is both more open and consists primarily of

mature trees. Thus, some of the differences in species abundance may relate to

our differential ability to net the two sites.

The airport's bat community offers tremendous potential for future research.

Two endangered species, the federally endangered Indiana myotis and the state

endangered evening bat, occur there. Given the large number of bat species pres-

ent, the precarious status of the evening bat in Indiana (Whitaker and Gummer,

1994), the presence of the Indiana myotis, the large number of bat structures

present, and the fact that this community is near a large city and adjacent to a

large international airport, the airport's bat community has important implica-

tions for gathering further biological and conservation data.

As stated earlier, a need exists for information on how species respond to

urbanization and development. Forest fragmentation is a major concern in the

preservation of Neotropical migratory birds (Robinson, et al, 1995). Many
forest birds also show strong area effects (Wilcove, 1985); i.e., the densities of

some species decrease precipitously in smaller fragments. To date, little research

has been directed at obtaining information about how forest fragmentation might

effect bats. Given the fragmented nature of the woodlots at the airport, the

presence of the young and more contiguous mitigation woodlands, the multi-

year dataset already available, and the presence of similar data from a much less

fragmented woodland at Prairie Creek, the airport offers a unique opportunity

to study the effects of fragmentation and urbanization on North American bats.

The data from our study suggest that forest fragmentation and urbanization may
negatively effect forest dwelling bats, but additional data are needed before

this hypothesis can be adequately tested.
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ABSTRACT: Experimental manipulations of plumage coloration in captive

house finches resulted in changes in their dominance interactions that support

the hypothesis that sexual dichromatism in this species functions as a simple

releaser signal. In May, interaction patterns among groups of males and red-

dyed females became random, as if all the birds were perceived as males. The

results were similar for familiar and unfamiliar groups, except that unfamil-

iar males became even more subordinate to the red-dyed females. In autumn,

red-dyed brown birds initially dominated familiar brown flock-mates, but, by

the sixth day, returned to a random pattern like the control, suggesting that

brown birds avoided the red-dyed birds at first but then reestablished prior

relationships as in the all-brown flock. In contrast, these same red-dyed brown

birds became permanently subordinate when introduced to a new set of brown

birds; without individual recognition cues, red color became a subordinate

badge. This result was even more compelling because these now-dominant

brown birds had previously been subordinate to other brown birds. In other

experiments, green-dyed brown birds had fewer dominance interactions

with males and with one another in autumn; whereas orange-colored brown

birds showed a large increase in interactions with one another in addition to

the decrease in dominance interactions with males. Blue-colored males ini-

tially increased in dominance encounters with brown flock-mates in autumn,

suggesting that covering the red subordinate signal was enough to increase

their status. However, coloring males blue had no effect on familiar male cage

mates.

KEYWORDS: Carpodacus mexicanus, dominance behavior, house finch,

plumage coloration.

INTRODUCTION

The function of plumage coloration as a signal for either intrasexual or inter-

sexual communication has been assumed (Butcher and Rohwer, 1989) but rarely

tested (Hill, 1996). In a classic experiment, Noble (1936) painted black gular

stripes on a female flicker (Colaptes auratus), and her mate chased her away as

he would have if she had been another male. The male black "mustache" was

interpreted as sufficient to identify sex for the male flicker. This concept of a

"releaser" signal (Tinbergen, 1948), a simple color stimulus that causes a change

in the behavior of the receiver, was equated with sexual recognition in a series

of manipulative experiments in the chaffinch (Fringilla coelebs). The chaffinch,

a small dichromatic European finch, forms winter flocks in which males (hav-
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ing red plumage coloration) generally dominate females (having brown plumage

coloration) in social encounters (Marler, 1955a). When Marler colored brown

females red {i.e., similar to males), he found that both male and female behav-

iors changed, and the dyed females were treated as if they were males (Marler,

1955b). Thus, he was able to increase a female's dominance by giving her male

coloring.

In this paper, we report the effects of artificial coloration on birds in captive

social flocks of house finches (Carpodacus mexicanus). The house finch is a

dichromatic cardueline finch; females exhibit gray-brown plumage, while males

have carotid pigmentation on the head, chest, and rump, ranging from yellow-

ish to dark red (Clement, et al, 1993; Hill, 1993). In contrast to chaffinches,

female house finches are typically more dominant than males in social flocks

(Thompson, 1960; Kalinoski, 1975; Brown and Brown, 1988; Belthoff and Gau-

threaux, 1991).

The purpose of our set of studies was to investigate behavioral changes asso-

ciated with artificial alterations of plumage color. We wondered how coloring

females to resemble males would affect their social status in this species. Would

it reduce a female's dominance because she now appeared red like a subordinate

male? Would males and females respond differently to such a manipulation on

their flock-mates? Would prior familiarity with the dyed females affect the

response? We also wondered whether using different colors (green and orange)

might have different effects from experiments using red to alter female appear-

ance. Finally, we wondered what effect coloring males rather than females might

have. Is it the red or the brown coloration, or both, that acts as the behavioral

releaser in this species? For example, if we covered up the red coloration of

males, would that cause them to be treated as females even though they were not

brown in appearance?

METHODS
This report covers a series of experiments performed in different seasons

in different years by the senior author and her students. House finches were cap-

tured using mist nets at feeding stations located adjacent to the Science Build-

ing at Saint Mary's College, Notre Dame, Indiana, and held in captivity under

federal permit #PRT 693151. Birds were captured in April for the May experi-

ments, in August for the September and October experiments, and in late Novem-

ber for the December experiments. Experimental group size was 6 in spring 1991,

8 in fall 1992, and 10 in fall and winter 1993 and fall 1994 (for details, see Table

1). Birds were housed in3mx3mx3m aviaries located in the animal facili-

ty of the Science Building at Saint Mary's College. The aviaries were illumi-

nated by artificial timed lighting synchronized with natural day length, and water

and finch seed were provided ad libitum. Two colored leg bands were placed on

each leg for individual identification using combinations of blue, green, pur-

ple, orange, pink, black, white, and yellow bands. Birds caught in spring and

winter were sexed by plumage color (Hill, 1993) and are referred to as "M" or
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Table 1 . Summary of color manipulation experiments with house finches over different

years and seasons.

Date Flock Composition Manipulation

Spring 1991 n = 6;3 males, 3 females; two females (brown) were dyed red

experiments, one with 6 familiar

males and females and a second

with 3 new males with 3 dyed

females

Fall 1992 « = 8; all brown birds; two half the brown birds were dyed

experiments, one with 8 red

familiar birds and a second with

4 new red-dyed brown birds with

undyed brown birds

Fall 1993 n= 10; 5 red and 5 brown birds brown birds were dyed green

Winter 1993 n= 10; 5 males and 5 females females (brown) were colored

orange

Fall 1994 n= 10; 5 red and 5 brown birds males (red) were colored blue

Fall 1994 n= \0: all red (males) half the males were colored blue

"F" in the figures. Fall groups of female-plumaged (brown) birds were not

aged reliably and may have included adult females and juvenile birds of both

sexes. These birds are referred to as "Br" in the figures. Birds were captured a

few weeks prior to the experiments and, in most cases, were released immedi-

ately following the experiments. In some cases, the birds were released after the

artificial colors had either washed out or the birds had molted.

Behavioral observations were made from behind a one-way window in the

aviary. Agonistic interactions between birds and the identities of the birds involved

were recorded. Each day's observations lasted for 2-3 hours. Agonistic behav-

iors included dominance chases, supplanting, pecks, and attacks as well as sub-

ordinate behaviors like being pecked, being chased, being attacked, and taking

subordinate postures. The total number of interactions was computed for each

bird, and an average percentage of dominance interactions was computed for the

birds in each category {e.g., brown vs. red, male vs. female). The data were

also compiled into dominance matrices reflecting the numbers of "wins" and

"losses" for each bird, and a value for the percentage of wins was calculated

for each bird. Prior to each of the manipulative experiments, we observed behav-

iors of flock members to establish control values that we could then compare

with their behaviors after dyeing or coloring manipulations. Goodness-of-fit tests

(Chi-square, InStat 2.03) were used to analyze the data.

Red or green dye was applied on the head, chest, and rump following

Hill's (1990) procedure using hair dye. For experiments involving dyed birds,
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all members of the group were removed from the aviary late in the afternoon and

held in the laboratory for the approximate hour needed to apply the dye on half

of the birds and sham manipulate the undyed birds. The birds were then released

back into the aviary at the time the lights went off. Thus, the experimental

flock had a night to settle before observations began when the lights came on

the next morning.

Crayola markers were used to alter the color of the plumage on the head,

chest, and rump in experiments where birds were colored orange or blue. All

birds in the group were caught and placed in holding bags. Individual birds were

taken out, manipulated either by coloring with the marker or by rubbing their

body with a closed pen, and then released back into the aviary as in the above

experiments. Birds did not appear to be adversely affected by any of these manip-

ulations. For experiments using birds of one sex (males) or one color (brown),

an "*" was used to distinguish color manipulated birds in the figures.

RESULTS

Spring Mixed-Sex Group, Females Dyed Red. Interactions among six

familiar birds that had been housed together for several weeks differed from ran-

dom expectations during the control period of observation ix' = 16.2,/? = 0.001)

with male-male interactions being the highest (Figure 1). On the first day after

the dyed females were reintroduced to the males, the interaction pattern differed

from that of the control (x' = 20.34, p < 0.001) but did not differ from random

expectations (x' = 1.83, p = 0.61). Similar results were obtained on day 5

ix' = 13.24, p = 0.004, and x' = 3.0, p = 0.40, respectively; Figure 1). The rela-

tive number of dominance encounters decreased for same-sex interactions and

increased for intersexual interactions. Among these latter encounters, females

increasingly dominated males (Figure 1). This pattern was also reflected in the

percentage of wins by females (58% for the control, 53% for day 1, and 74% for

day 5) compared to males (46%, 40%, and 30%, respectively).

Like the above birds that were caged together and familiar to one another,

the set of new unfamiliar control birds (3 females and 3 males) exhibited non-

random interactions on the first day (x^ = 52.5, p < 0.0001) with a high propor-

tion of male-male interactions (Figure 2). On the first day after introducing

new males to females who had been dyed red, an overall increase in intersexu-

al encounters occurred resulting in a statistically different pattern (x' = 9.43,

p = 0.02; Figure 2). On days 2 and 5, their interactions were not significantly

different from random (x'= 0.23, p - 0.89, and x' = 4.18, p = 0.12, respective-

ly), but when the male-female class was separated into female > male and male

> female classes, day 5 results differed from random expectations (x' = 32.11,

p < 0.0001) due to the higher rate of females dominating males. As in the pre-

vious experiment, dyeing the females resulted in a decrease in male-male inter-

actions, an increase in intersexual interactions, and a more random encounter

pattern among males and females. Also, as in the previous experiment, the aver-

age percentage of male wins decreased by day 5 (33% on day 1 , 44% on day 2,



Vol. 107 (1998) Indiana Academy of Science 185

0)
c
o
o

c

O
c
c
E
o
Q

F>F
F>M

s M>F
B M>M

COr^HROL

n = 44

DAY 5

n = 37

Figure 1 . The average percentage of dominance interactions during the spring among

famiUar male and female house finches before the females were dyed (control) and on

the first and fifth days after the females were dyed red to resemble males (female = F,

male = M).

w
c
o
o

B
c

CD
O
c
tc
c
E
o
Q

F>F
F>M
M>F
M>M

CONTROL DAY 1 DAY 2 DAY 5

n = 117 n = 57 n = 61 n = 79

Figure 2. The average percentage of dominance interactions during the spring among
unfamiliar male and female house finches before the females were dyed (control) and

on the first, second, and fifth days after the females were dyed red and introduced to new
males (female = F, male = M).



186 Zoology: Watt, et al Vol. 107(1998)

c
o
o

C

o
c
03
c
"E
o
Q

Br:>Br

@ Br >Br*

s Br* >Br

n Br* >Br*

n = 92

Figure 3. The average percentage of dominance interactions during autumn among famil-

iar brown house finches before the birds were dyed (control) and on the first, second,

and sixth days after half of the birds were dyed red (brown undyed birds = Br, brown

birds dyed red = Br*).

and 14% on day 5). The average percentage of female wins did not change (61%,

51%, and 59%, respectively) but remained high over the test period.

Fall All-Brown Group, Half Dyed Red. For the set of experiments test-

ing the effects of presenting red-dyed brown birds to familiar brown birds, the

interactions differed on the first day of reintroduction when compared to the con-

trol (x" = 8.73, p = 0.03) with a decrease in the four brown birds dominating

the four red birds and an increase in dyed birds interacting with one another

(Figure 3). On days 2 and 6, their interactions were not different from random

(/? > 0.40 in each case) or from the control (p > 0.10 in each case). Thus, color-

ing brown birds that had been housed together resulted in an initial decrease in

undyed bird dominance over dyed birds followed by a return to control levels

(Figure 3). This result was also reflected in the decreased percentage of wins

by undyed birds from 73.5% to 57.5% from the control period to day 1 . A notice-

able increase the number of interactions between dyed birds also occurred on

day 1 (Figure 3); however, by day 2 and through day 6, their interactions did not

differ from those in the control. Thus, coloring of some of the brown birds did

not decrease their dominance rank as predicted and appeared to have little effect

on the social order.

Next, the effects of introducing red-dyed brown birds to "unfamiliar" brown

birds was tested. The control flock was sampled over six days to provide appro-

priate comparisons for the 6-day experiment, because the introduction of new

birds might result in changes over six days independent of color manipulations.

The control birds consisted of the four undyed females from the previous
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experiment (Brl) and four different brown birds that had been housed separate-

ly (Br2). Control group encounter frequencies differed from random on all

three days (p < 0.005) but not from one another (x^ = 8.0, p = 0.24). (The non-

random aspect of the controls was due to the dominance of Br2 to Brl birds. Brl

and Br2 interaction patterns were random when Brl > Br2 and Br2 > Brl. Cat-

egories were combined for days 2 and 6 (/? > 0.20 in each case).) After intro-

ducing new red-dyed brown birds (Br3*, Figure 4) to the Brl birds of the controls,

their interactions on the three test days were non-random (p < 0.0001 in each

case) and differed from their controls due to the significant change in dominance

of the Brl birds. We could not conduct statistical tests of the control vs. the exper-

imental days since different birds were used, but inspection of Figure 4 reveals

that the previously subordinate Brl birds became dominant to the dyed birds

(Br3*). In the controls, the four Brl birds lost 66 encounters and won 15 on the

first day; on the first day of the experiment, they lost 4 and won 65 encounters

with dyed birds. Thus, while we were unable to lower dominance by dyeing birds

and releasing them to their familiar cage-mates, when we introduced dyed

unfamiliar birds to relatively subordinate undyed birds, the subordinate birds

became dominant, and the dyed birds' dominance was decreased to almost zero

(Figure 4).

Fall Mixed-Color Group, Brown Birds Dyed Green. The five red male

and five brown birds of this control group exhibited non-random interactions

with brown birds dominating red birds more than expected (Figure 5). After rein-

troduction of the brown birds dyed green, the number of their interactions with

red birds decreased, and interactions among red birds increased, resulting in a

significant difference in the pattern of interactions (x^ = 31.3, /? < 0.0001)

when compared to the control. By the twelfth day, the pattern of interactions did

not differ from the control (x' = 2.35, p = 0.50; Figure 5). None of the patterns

were random. The percentage of wins for the brown birds decreased slightly from

83% to 73% and then increased to 79% by day 12, whereas the percentage of

male wins increased from 25% to 42% and then decreased to 24% by day 12.

Dyeing brown birds green resulted in an initial decrease in interactions with

red males followed by a return to control patterns.

Fall Mixed-Sex Group, Brown Birds Colored Orange. Brown birds

captured in late November are reliably sexed by plumage (Hill, 1993); thus,

brown birds in this experiment were females, and red birds were males. The pat-

tern of interactions during the control period was non-random (x^ = 36.9, p <

0.0001) and similar to the pattern in the control period in the previous green

experiment with brown birds (females here) dominant to males being the largest

category. After reintroduction of the orange-colored females to the five red males,

interactions continued to be non-random but were significantly different from

the control with an increase in interactions among the orange-colored birds and

a decrease in their dominance interactions with males (x" = 41.7, /? < 0.0001

for days 1-2; x' = 19.9, p < 0.001 for days 6-7; Figure 6). The percentage of wins

for brown birds initially decreased and then increased again (62%, 40%, 57%),
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and the percentage of male wins increased throughout the test (30%, 41%, 52%).

The most pronounced effect of coloring females orange was the large increase

in their interactions with one another.

Fall Mixed-Color Group, Red Males Colored Blue. Interaction patterns

for the control group in this experiment were similar to the other mixed-color
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controls with birds interacting non-randomly (x" = 30.8, p < 0.0001), and brown

birds dominating red males comprised most of the interactions. After the five

blue-dyed males were reintroduced to the same five familiar brown birds, the

group members interacted non-randomly (x" = 12.98, p = 0.005) but different-

ly from the control (x" = 66.3, p < 0.0001) with an increase in males dominat-
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ing brown birds (Figure 7). After a week, interactions were still different from

the control (x" = 22.9, p < 0.0001) but not from random expectations (x^ = 5.7,

p = 0.13). The change in relative dominance was also reflected in the percent-

age of wins: brown birds won 73%, 37%, and 50% over the three periods, while

males won 24%, 61%, and 49%. Coloring males blue effectively reversed brown-

bird/red-male dominance patterns. The effect was not permanent, and the inter-

actions became random by the end of the week, although they still differed from

the control values.

Fall All-Male Group, Half Colored Blue. In the last test, ten familiar males,

who interacted randomly in the control (x" = 6.85, /? = 0.08), did not change inter-

action patterns after half of them were colored blue and reintroduced to their

original cage mates (Figure 8). Observations on subsequent days did not differ

from random (p > 0.70 each period) and were not different from the control

{p > 0.23 in each period). Coloring males blue had no effect on their domi-

nance interactions. This was the only test that clearly produced no effect from

coloring birds.

DISCUSSION

Control Behaviors. Behaviors among control groups during each season

were consistent with what is known for house finches from other studies. For

our spring mixed-sex groups of control birds, the high level of male-male

interactions relative to female interactions was similar to the pattern found by

Thompson (1960) and Kalinoski (1975) for western house finches. They attrib-

uted the higher male aggressiveness in the breeding season to territory and mate

defense. The December control group had similar interaction frequencies to other

winter studies (Shedd, 1990; Brown and Brown, 1988; Belthoff and Gauthreaux,

1991) with the highest interaction rates occurring between males and females

(56%, with females dominating males) and higher numbers of female-female

relative to male-male interactions. Fall controls were similar to the winter con-

trol with the highest numbers of interactions occurring between brown and red

birds with brown birds dominant to red birds. However, the number of brown-

brown interactions was consistently lower than red-red interactions. This result

may have been due to the mixture of juveniles with adult females in the brown

class, which reflects the situation in wild fall flocks. In addition, our three days

of observations on the fall all-brown control produced the same pattern of inter-

actions each day, demonstrating interaction stability. Overall, we feel our con-

trols represented stable, natural interaction patterns for the house finch with

which to compare our experimental results.

Experimental Results. Dyeing females red during the breeding season

increased the number of encounters between males and females regardless of

whether they were newly introduced males or more familiar males. In general,

the encounter patterns became more random between the sexes as if males were

approaching red-dyed females and red males equally. In both experiments, the

proportion of female > male interactions increased as male > female interactions
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decreased. We believe these results indicate that females were normally avoid-

ed by males during the spring, but when the females were given male appear-

ance, they were approached equally only to have to assert their dominant status.

Brown and Brown (1988) and Shedd (1990) suggested that males might "defer"

to females even though they were capable of dominance. Our results confirm

that females are actually dominant to males in the spring as well as during non-

breeding seasons.

As Marler (1955b) found with chaffinches, we were sometimes able to shift

the birds' dominance relationships by color manipulations. Compared to Mar-

ler's results where subordinate females dyed to resemble males increased in dom-

inance relative to males, our most analogous result occurred after altering

subordinate male house finch coloration (covering red with blue) which increased

their dominance relative to females. The rise in male house finch dominance was

probably due to females avoiding them, as Marler (1955b) found for chaffinch

males avoiding females. In addition, we were able to temporarily decrease dom-

inance in a group of red-dyed brown birds when reintroducing them to familiar

brown birds and to more permanently decrease their dominance when intro-

ducing them to unfamiliar brown birds.

Birds in social flocks probably assess potential dominance visually and then

choose to approach subordinates and avoid dominants. By altering dominant

brown house finches, we made them appear more subordinate (red), and they

were approached more often but were able to defend their status. When M0ller

(1987) dyed female house sparrows to resemble more dominant males, he found

that dyeing the birds had no effect on dominance status but noted that the manip-

ulated birds were challenged more often than undyed control birds. His "social

probing of new individuals" may be similar to what we observed as an increase

in the number of interactions with dyed birds.

Dyeing females green reduced the frequency of their interactions with one

another, while dyeing them red or orange increased their interactions with one

another. Why females should respond so aggressively to orange coloration is not

clear. Belthoff and Gowaty (1996) found that female house finches were more

aggressive towards males with less red and more yellow and orange coloration.

Nevertheless, plumage color variation was found to be a poor predictor of social

status among wintering male house finches (Belthoff, et ah, \99A). Therefore, it

seems unlikely that females are using red vs. orange coloration to predict the

likelihood of a male being relatively more subordinate. Further manipulative

studies are needed to compare female response to red vs. orange as a plumage

signal of subordinate status.

Dyeing half of a group of randomly interacting red males blue had no effect

on the other males, suggesting that red plumage in the non-breeding season elic-

its a stronger response from females (indicating a potential subordinate that

one can supplant at food) than from other males. Coloring males blue in the

breeding season might have a greater effect on male-male interactions. On the

other hand, brown birds responded quite differently to males that had been col-
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ored blue, resulting in a decrease ot brown birds dominating them and an increase

in their dominance over brown birds. These blue-colored birds did not resemble

dominant brown females (a more difficult manipulation), but we think that by

blocking the red "honest" signal, we were able to create "cheaters," at least for

a couple of days. Perhaps the other group members avoided these strange look-

ing birds, allowing them to win dominance encounters; however, coloring females

green did not have that general effect, and they looked even less "normal."

Function of Plumage Coloration. Female dominance of males in the

non-breeding season is rare among sexually color-dimorphic species (three species

of which are in the genus Carpodacus: C. purpureas, C. cassinii, and C mexi-

canus), and the absence of a pre-breeding molt suggests that the adaptiveness of

coloration may be driven by sexual selection during the breeding season (Butch-

er and Rohwer, 1989). Our results support the argument that dichromatic plumage

may also be advantageous to flock members by reducing intersexual aggres-

sive encounters (Parsons and Baptista, 1980). After manipulating house finch-

es to look more similar (spring groups of males and dyed females), the groups

exhibited an increase in frequency of intersexual encounters. If the distinctive

red vs. brown signal allows males to normally avoid the dominant females with-

in foraging flocks, the color signal could translate into an energy saving bene-

fit. A benefit to dominants that advertise their status could be a reduction in the

time spent defending widely disparate status, such as exists between male and

female (red and brown) house finches.

Brown and Brown (1988) suggested that brown juvenile plumage in house

finches might be advantageous to birds interacting with potentially dominant

adult males. In social groups, all brown birds may be viewed similarly by oppo-

nents, and since brown females dominate males in other seasons, juveniles

may benefit by resembling dominant females. In studies of species that are dichro-

matic with regard to age but not sex, Rohwer (1985) showed that dyed imma-

ture Harris' sparrows {Zonotrichia querula) dominated other immatures. Parsons

and Baptista (1980) increased white-crowned sparrow dominance by plucking

the immature birds' crowns and reintroducing them with new adult feathers to

adults, and Fugle, et al. (1984) painted immature white-crowned sparrows to

resemble adults. We did not investigate age effects in our studies; however, to

complete the understanding of the function of color in dominance relationships

in the house finch, further studies need to be conducted that focus on responses

of immature and adult brown-plumaged birds and their responses to plumage

manipulations. Finally, we suggest that plumage color in house finches proba-

bly serves more than one function, functions differently for males, females,

and perhaps young birds, and may change in function in different seasons.

Color as a Releaser. The results of our experiments with the house finch

demonstrate a "releaser signal" function for dimorphic plumage coloration sim-

ilar to Marler's (1955b) findings with the chaffinch. Recent trends in studying

avian signaling systems have focused on individual variability in plumage rather

than dichromatism: sexual selection whereby females select preferred males from
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among a variety of types has been a popular line of investigation as has the study

of status signaling where variation in appearance is interpreted as a signal of rel-

ative dominance status among groups of birds. Thus, the emphasis on fme-grained

recognition abihties has concentrated researchers' views of signal perception on

complex discrimination abilities. For example, sexual selection studies have

shown that female house finches are attracted to males with darker, rather than

lighter, red coloration (Hill, 1990, 1994), and that this variation is associated

with male quality (Hill, 1991). Belthoff and Gowaty (1996) showed that

female house finches were less aggressive toward and often less dominant to

more brightly colored males relative to drab males during the non-breeding sea-

son. These studies demonstrate that females are capable of distinguishing among

a variety of color types.

Our data suggest that house finches may also respond to simple cues. We
suggest that some behaviors, such as initial dominance encounters in social

groups, may still be affected by a simple "releaser" type of stimulus. This response

might be advantageous in a group of birds in which color predicts potential dom-

inance (red vs. brown in house finches), and where avoiding dominants and

approaching subordinates results in greater energy efficiency (Brown and Brown,

1988).

In support of this hypothesis, we found that simply dyeing females red and

reintroducing them to familiar males produced striking results. Every indication

would be that these males should "know" the females; however, the pattern of

interactions over the next few days after reintroduction indicated to us that

they interacted with the dyed females in the same manner they did with other

males. Thus, a simple plumage coloration cue appears to act as a releaser for

agonistic behaviors in the house finch. Our result is similar to the classic

experiments of Noble (1936) and Marler (1955b), where altering females to

appear male-like caused males to treat them as if they were males. Another inter-

pretation— that other birds might very well "know" that the colored birds are

females and are reacting to them as females that are inappropriately colored—
cannot be tested since questions of what is going on in a bird's "mind" are dif-

ficult to assess. The simplest explanation is that red coloration serves first as a

simple sex-recognition releaser for males (especially in the spring) and

females (especially in the fall).

Avian Color Perception. The question of color perception by mates

and/or other territorial males has been investigated by a number of researchers

using a variety of color manipulations in avian species. A few examples include:

placing yellow tape on female mourning dove (Zenaidura macwura) heads

(Goforth and Baskett, 1965), coloring male epaulets black on red-winged black-

birds (Agelaius phoeniceus; Smith, 1972), dyeing the inner wing linings of male

village weaverbirds (Ploceus cucullatus) black (Collias, et al, 1979), dyeing

subadult gray male purple martins (Progne subis) black (Stutchbury, 1991), and

adding black marks on the heads and chests of territorial male white-crowned

sparrows (Zonotrichia leucophyrys; Gotmark, 1993). The social dominance hier-
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archy provides a natural context in which to test the reactions of birds to manip-

ulations by the researcher. As recommended by Bennett, et al. (1994), in order

to test the effects of color manipulation, we focused on the natural receivers

(other flock members) rather than humans to assess the effects of color differ-

ences. Our study suggests that orange and red manipulations mimicked male col-

oration in the house finch, and that blue and green are perceived and reacted to

differently. For example, coloring brown birds red increased the frequency of

their interactions with one another, while coloring brown birds green did not

have the same effect. Coloring red males blue had no effect at all on other males.

The discovery of avian perception of ultraviolet colors and studies on the com-

plexity of avian vision systems (Bennett, et al, 1994) remind us that we do not

know what the bird is actually perceiving in our color manipulations. Perhaps

we are covering up ultraviolet patterns on brown birds, or hair dye and colored

pens may look vastly different to the birds compared to natural feather colors.

Obviously, avian color perception is a field that needs more investigation, and

we should be aware that the results of future research might alter avian color the-

ories (Bennett, et al, 1994). In this study, plumage color manipulations result-

ed in changes in behavior (except in the case of males exposed to familiar

blue-colored males). Our results indicate that house finches perceive the artifi-

cial colors and react to the changes, probably due to alteration of the natural

plumage coloration that normally functions as a social signal.

Summary. We recognize that there are a number of potential shortcomings

in this series of studies, perhaps the most notable being the number of different

students who gathered data over the years and seasons using different experi-

mental designs and without replicate studies. However, we believe that several

factors in the experiments, such as controls composed of the experimental

birds themselves, act to strengthen our findings. We also believe that this series

of experiments indicates that further study is warranted on the question of

color function in the house finch. For example, we would like to see replicates

of the red-dyeing experiments in spring, fall, and winter, follow-up on female

responses to orange and red variations in plumage coloration, and studies that

analyze the possible effects of age on color perception and behavior. "More is

known about the function, evolution, and proximate control of ornamental plumage

coloration in the house finch than in any other passerine species" (Hill, 1996,

p. 860), and we hope we have stimulated more questions for future research on

the interesting question of plumage coloration in this species.

ACKNOWLEDGMENTS
The authors thank Richard Jensen for statistical advise and Saint Mary's Col-

lege for its support of undergraduate research. We acknowledge Marci Mace-

donia for her participation in the house finch saga. G. Hill, B. Stutchbury, R.

Beason, and two anonymous reviewers contributed many helpful comments on

an earlier version of this manuscript.



196 Zoology: Watt, et al. Vol. 107 (1998)

LITERATURE CITED
Belthoff, J.R. and S.A. Gauthreaux. 1991. Aggression and dominance in house finches. Condor 93: 1010-1013.

.^ _, A.M. Dufty, Jr., and S.A. Gauthreaux, Jr. 1994. Plumage variation, plasma steroids and social

dominance in male house finches. Condor 96: 614-625.

and P.A. Gowaty. 1996. Male plumage coloration affects dominance and aggression in female

house finches. Bird Behav. 11: 1-7.

Bennett, A.T.D., I.C. Cuthill, and K.J. Norris. 1994. Sexual selection and the mismeasure of color. Amer. Natur.

144: 848-860.

Brown, M.B. and C.R. Brown. 1988. Access to winter food resources by bright versus dull-colored house

finches. Condor 90: 729-731.

Butcher, G.S. and S. Rohwer. 1989. The evolution of conspicuous and distinctive coloration for communica-

tion in birds. Current Ornithol. 6: 51-107.

Clement, P., A. Harris, and J. Davis. 1993. Finches and sparrows: An identification guide. Princeton Univ.

Press, Princeton, New Jersey, 500 pp.

Collias, E.C., N.E. Collias, C.H. Jacobs, F. McAlary, and J.T. Fujimoto. 1979. Experimental evidence for facil-

itation of pair formation by bright color in weaverbirds. Condor 81: 91-93.

Fugle, G., S. Rothstein, C. Osenberg, and M. McGinley. 1984. Signals of status in wintering white-crowned

sparrows, Zonotrichia leucophyijs gambelii. Anim. Behav. 32: 86-93.

Goforth, W.R. and T.S. Baskett. 1965. Effects of experimental color marking on pairing of captive mourning

doves. J. Wildlife Mgmt. 29: 543-553.

Gotmark, F. 1993. An experimental study of the importance of plumage coloration in breeding males of the

white-crowned sparrow. Omis Scand. 24: 149-154.

Hill, G.E. 1990. Female house finches prefer colorful males: Sexual selection for a condition dependent trait.

J. Anim. Behav. 40: 563-572.

. 1991. Plumage coloration is a sexually selected indicator of male quality. Nature 350: 337-339.

. 1993. House finch (Carpodacus mexicanus). In: A. Poole and F. Gill (Eds.), The Birds ofNorth

America, No. 46, Acad. Natur. Sci., Philadelphia, and Amer. Ornithol. Union, Washington, D.C., 24 pp.

. 1994. Geographic variation in male ornamentation and female mate preference in the house finch:

A comparative test of models of sexual selection. Behav. Ecol. 5: 64-73.

. 1996. Subadult plumage in the house finch and tests of models for the evolution of delayed plumage

maturation. Auk 113: 858-874.

Kalinoski, R. 1975. Intra- and interspecific aggression in house finches and house sparrows. Condor 77:

375-384.

Marler, P. 1955a. Studies of fighting in chaffinches. (1) Behaviour in relation to the social hierarchy. Brit. J.

Anim. Behav. 3: 111-117.

. 1955b. Studies of fighting in chaffinches. (2) The effect on dominance relations of disguising

females as males. Brit. J. Anim. Behav. 3: 137-146.

M0ller, A. P. 1987. Social control of deception among status signaling house sparrows. Behav. Ecol. Sociobi-

01.20:307-311.

Noble, G.K. 1936. Courtship and sexual selection of the flicker. Auk 53: 269-282.

Parsons, J. and L.F. Baptista. 1980. Crown color and dominance in the white-crowned sparrow. Auk 97: 807-

815.

Rohwer, S. 1985. Dyed birds achieve higher social status than controls in Harris' sparrows. Anim. Behav. 34:

1325-1331.

Shedd, D.H. 1990. Aggressive interactions in wintering house finches and purple finches. Wilson Bull. 102:

174-178.

Smith, D.G. 1972. The role of the epaulets in the red-winged blackbird {Agelaius phoeniceus) social system.

Behaviour 41: 251-268.

Stutchbury, B.J. 1991. The adaptive significance of male subadult plumage in purple martins: Plumage dye-

ing experiments. Behav. Ecol. Sociobiol. 29: 297-306.

Thompson, W.L. 1960. Agonistic behavior in the house finch. Part 11: Factors in aggressiveness and sociali-

ty. Condor 62: 378-402.

Tinbergen, N. 1948. Social releasers and the experimental method required for their study. Wilson Bull. 60:

6-52.



Vol. 107(1998) 197

INDIANAACADEMY OF SCIENCE
1999 Year-End Financial Report

Balance Balance

12/31/98 Revenues Expenses 12/31/99

OPERATING FUND 13,647.12 6,478.47

Dues 23,433.48

Interest 934.97

Contributions 0.00

Spring Meeting 470.00 349.22

Annual Meeting 5,395.00 8,837.19

Officer's Expenses 4,105.00

Operating Expenses 4,430.11

Financial Expenses 1,925.35

Newsletter Expenses 5,000.00

Library Operations 3,000.00

Committee Expenses 168.32

Speaker of the Year 700.00

AAAS Representative 875.00

INPAWS Support 1,000.00

Youth Activities 7,011.91

Operating Fund Total 13,647.12 30,233.45 37,402.10 6,478.47

RESTRICTED FUNDS

Proceedings 17,621.56 25,636.88 16,523.28 26,735.16

Publications (7,465.25) 15,508.59 9,824.20 (1,780.86)

Research Grants* 5,232.43 44,240.16 43,846.00 5,626.59

IAS Talent Search 2,742.18 1,999.00 3,423.37 1,317.81

Lilly Library 6,578.44 0.00 0.00 6,578.44

Welch Fund 8,695.12 836.80 0.00 9,531.92

Life Members Fund 2,469.02 1,698.45 416.74 3,750.73

Past Presidents Fund 6,781.09 444.05 0.00 7,225.14

Restricted Funds Total 42,654.59 90,363.93 74,033.59 58,984.93

TOTAL FUNDS 56,301.71 120,597.38 111,435.69 65,463.40

FUNDS ON DEPOSIT

Checking Account 5,287.17 112,192.31 111,207.48 6,272.00

Money Market Savings 42,283.42 67,660.35 60,000.00 49,943.77

Certificate of Deposit 8,731.12 516.51 0.00 9,247.63

TOTAL FUNDS 56,301.71 180,369.17 171,207.48 65,463.40

DEPOSITED

* Provided 39 senior member grants and 20 high school grants.

Audited 31 March 2000
Approved by the IAS Council on 14 April 2000

Edward L. Frazier

Treasurer





Vol. 107(1998) 199

MANUSCRIPT REVIEWERS

VOLUME 107 (1-4)

James H. Bandoli

John S. Castrale

Jerry R. Choate

John E. Ebinger

Dale D. Edwards

James R. Gammon
Michael A. Homoya
Robert C. Howe
Scott A. Johnson

Daryl R. Kams
Bruce A. Kingsbury

Paul C. MacMillan

Wilton N. Melhorn

Ronald L. Richards

Victor Riemenschneider

Paul E. Rothrock

Donald G. Ruch

Neil B. Sabine

Thomas A. Sobat

J. Dan Webster

Harmon P. Weeks, Jr.

Robert A. Weiss

John O. Whitaker, Jr.

University of Southern Indiana

Indiana Division of Fish and Wildlife

Fort Hays State University

Eastern Illinois University

University of Evansville

DePauw University

Indiana Department of Natural Resources

Indiana State University

Indiana Department of Natural Resources

Hanover College

Indiana-Purdue University Fort Wayne

Hanover College

Purdue University

Indiana State Museum
Indiana University South Bend

Taylor University

Ball State University

Indiana University East

Bureau of Water Quality

Hanover College

Purdue University

Chipper Woods Bird Observatory

Indiana State University

Evansville, Indiana

Mitchell, Indiana

Hays, Kansas

Charleston, Illinois

Evansville, Indiana

Greencastle, Indiana

Indianapolis, Indiana

Terre Haute, Indiana

Bloomington, Indiana

Hanover, Indiana

Fort Wayne, Indiana

Hanover, Indiana

West Lafayette, Indiana

Indianapolis, Indiana

South Bend, Indiana

Upland, Indiana

Muncie, Indiana

Richmond, Indiana

Muncie, Indiana

Hanover, Indiana

West Lafayette, Indiana

Indianapolis, Indiana

Terre Haute, Indiana



I



Proceedings of the Indiana Academy of Science

(1998) Volume 107 p. 201-220

201

INDEX
PROCEEDINGS OF THE INDIANAACADEMY OF SCIENCE

VOLUME 107 (1-4)

Acer

nigrum, lumped with Acer saccharum when

analyzing Ginn Woods, 5

rubrum

failing to regenerate in Ginn Woods, 10

locally dominant in

Ginn Woods, 1,9

South Woods, 7

saccharinum, locally dominant in

Ginn Woods, 1,9

South Woods, 7

saccharum

dominant in Ginn Woods, 1, 5, 9, 23

recruitment in South Woods, 7

reproduction and replacement in

Nixon Woods, 8

North Woods, 5

roost tree for the Indiana bat [Myotis

sodalis), 98

sole dominant in Nixon Woods, 7

Acris crepitans at the Newport Chemical Depot,

109

Aesculus glabra

subdominant in Ginn Woods, 1

understory dominant, 8

Agelaius phoeniceus, role of plumage coloration in,

194

Mix, Mitchell S., 123

Alliaria petiolata, an invasive exotic in Ginn

Woods, 17, 31

Alluvial plain at Ginn Woods, 22

drainage of, 29

vegetation of, 29

Amax Coal Mine, western harvest mouse at, 167

Amblema plicata

absent from Pigeon Creek, 79, 82

fish hosts, 83

intolerant of pollution, 82

Ambystoma

jejfersoniaman, 112

maculatum, 1 12

opacum, 112

texanum at the Newport Chemical Depot, 105,

109

tigrinum, 1 1

2

Ambystomidae at the Newport Chemical Depot,

109

Ameiurus

melas

at the Newport Chemical Depot, 119

in Tippecanoe County, 163

natalis

at the Newport Chemical Depot, 119, 121

in Buck Creek, 121

near the Newport Chemical Depot, 1 1

8

American beech, roost tree for the evening bat, 1 76

American brook lamprey

at the Newport Chemical Depot, 115, 118, 121

in Tippecanoe County, 1 62

American Consulting Engineers, Inc., initially

responsible for monitoring the bat species at the

Indianapolis International Airport, 172

American eel, 161

American toad at the Newport Chemical Depot,

105, 109

Ammocrypta pellucida, 1 6

1

absent from Tippecanoe County, 151, 161

state species of special concern, 115, 151, 161

Amphibians, checklist for the Newport Chemical

Depot, 106

Anguilla rostrata, 161

Aplodinotus grunniens in Tippecanoe County, 1 62

Aquatic Plant Species Diversity and Floristic

Quality Assessment ofSaugany Lake, Indiana,

123

Aquatic vegetation, coverage rankings of, 126-127

Arcidens confragosus

in Pigeon Creek, 79, 82

only one specimen found, 81

Arvicolinae at the Newport Chemical Depot,

100-101

Asimina triloba, understory dominant in Ginn

Woods, 9

Badger, 103

current distribution in Indiana, 147

distribution in North America, 141

early distribution in Indiana, 141, 143

evidence of reproduction, 145

factors

decreasing population size, 145

favoring range expansion, 146, 149

increasing population size, 145

home ranges, 146

new county records, 148

no longer endangered in Indiana, 146

population trends, 145

range expansion in Indiana, 141

state endangered species, 143

Badger, Kemuel S., 1, 17

Barnes, David K., 61
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Bass

at the Newport Chemical Depot, 120

hybrid striped. 1 60

new county record for Tippecanoe County,

156

largemouth. at the Newport Chemical Depot,

115, 120

smallmouth, 62

spotted, in Tippecanoe County, 160, 164

striped

habitat requirements, 67

history of its spread in the United States, 67

hybridizes with the white bass {Morone

chrysops), 67

non-indigenous species expanding its range

in the Lake Michigan drainage of

Indiana, 61

Bat

big brown

at Prairie Creek, 171

at the Indianapolis International Airport,

171

at the Newport Chemical Depot, 100

dominant bat species at the Indianapolis

International Airport, 176

population variation in, 174

eastern red

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

evening

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

dominant bat at Prairie Creek, 176

population variation in, 174

roosts at the Indianapolis International

Airport, 176

state endangered species, 171, 178

hoary

at Prairie Creek, 171

at the Indianapolis International Airport,

171

at the Newport Chemical Depot, 98

rare, 177

Indiana (also see Indiana myotis)

at the Newport Chemical Depot, 91 , 92, 95,

97,98, 103

federally endangered species, 91 , 92, 97, 98,

103

maternity colony, 95

roost trees. 98

little brown, at the Newport Chemical Depot,

100

red, at the Newport Chemical Depot, 98

silver-haired

at Prairie Creek, 171, 174, 175

at the Newport Chemical Depot, 100

Bats

at the Newport Chemical Depot, 92, 103

big brown, 100

eastern pipistrelle, 100

hoary, 98

Indiana, 91,92, 95,97, 98, 103

little brown (also see myotis, little brown),

100

northern myotis, 95, 98

red, 98

silver-haired, 100

effect of habitat fragmentation on, 171, 1 76,

178

Bats of the Indianapolis International Airport as

Compared to a More Rural Community ofBats

at Prairie Creek, 1 7

1

Beaver at the Newport Chemical Depot, 101

Beech, American, roost tree for the evening bat,

176

Bell Coal of Kentucky, 73

Benton County, western harvest mouse in, 167

Berkley, Kim A., 141

Big brown bat

at Prairie Creek, 171

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 1 00

dominant bat species at the Indianapolis

International Airport, 176

population variation in, 174

Bighead carp, 164

Bigmouth shiner, 161, 162

Birds, effect of forest fragmentation on, 178

Bittemut hickory, roost tree for the evening bat, 176

Bivalvia, 79, 85

Blackbirds, red-winged, role of plumage coloration

in, 194

Black buffalo, 161

Black bullhead

at the Newport Chemical Depot, 119

in Tippecanoe County, 1 63

Black king snake, 1 12

Black-nosed (also blacknose) dace

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

Black racer at the Newport Chemical Depot, 111,

112

Black rat snake at the Newport Chemical Depot,

105, 111

Blackside darter in Tippecanoe County, 156

Blackstripe topminnow in Tippecanoe County, 163

Blarina hrevicauda at the Newport Chemical

Depot, 97
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Blount

Series Soils in Ginn Woods, 3-4, 21

Silt Loam in Ginn Woods, 21

Bluebreast darter

in Tippecanoe County, 160-161, 163

state endangered species, 164

Bluegill at the Newport Chemical Depot, 120

Blue sucker

in Tippecanoe County, 162, 164

state species of special concern, 164

Bluffton Till Plain Section, location of Ginn Woods,

3, 18,21

Bluntnose minnow

at the Newport Chemical Depot, 115, 119, 120

common in Tippecanoe County, 1 62

in Buck Creek, 122

Bobcat, 103

Brazil Formation, 73

Buffaloville Coal in, 73

separated from the Mansfield Formation below

by the base of the Lower Block Coal, 73

Bridled madtom, 119

Broad headed skink at the Newport Chemical

Depot, 1 1

1

Brook silverside in Tippecanoe County, 163

Buck Creek, Vermillion County, fishes of, 121-122

Buffalo

black, 161

smallmouth, in Tippecanoe County, 162

Buffaloville Coal, 73

Bufo

americanus at the Newport Chemical Depot,

105, 109

woodhousii at the Newport Chemical Depot,

105,110

Bufonidae at the Newport Chemical Depot, 109

Bullfrog at the Newport Chemical Depot, 1 1

1

Bullhead

black

at the Newport Chemical Depot, 119

in Tippecanoe County, 163

yellow

at the Newport Chemical Depot, 119, 121

in Buck Creek, 121

near the Newport Chemical Depot, 1 1

8

Bullhead minnow in Tippecanoe County, 162, 164

Burbot, 161

Campostoma anomalum

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 162

in Buck Creek. 122

Canidae at the Newport Chemical Depot. 102

Canis latrans, 149

at the Newport Chemical Depot, 102

Canopy gaps (also see windfalls) in Ginn Woods,

5, 11,22,24

Carassius auratus, 1 64

one of the first two exotic fishes to become

established in Indiana, 62

Carp

bighead, 164

common
at the Newport Chemical Depot, 119

in Buck Creek, 122

near the Newport Chemical Depot, 1 1

8

grass, 164

established in the Mississippi and Ohio

River systems, 62

habitat requirements, 62

history of its spread in the United States,

62-63

new exotic species in the Lake Michigan

drainage of Indiana, 61

Carp, one of the first two exotic species to become

established in Indiana, 62

Carphophis amoenus at the Newport Chemical

Depot, 112

Carpodacus mexicanus

agonistic interactions in, 1 83

covering red plumage results in a change in

status, 181

effect of

juvenile plumage, 193

plumage color manipulation on, 181,

192-193, 195

females distinguish a variety of color types, 194

males avoid females during the spring, 192, 193

red color as a subordinate badge, 181, 194

Carroll County, western harvest mouse in, 1 67

Carya

cordiformis, roost tree for the evening bat, 1 76

laciniosa

locally dominant in

Ginn Woods, 1,9

South Woods, 7

ovata, subdominant in Ginn Woods, 5

Caseyville Formation of Kentucky and Illinois is

equivalent to the lower Mansfield, 77

Cass County

new county record for the western harvest

mouse. 169

western harvest mouse in, 167

Castor canadensis at the Newport Chemical Depot,

101

Castoridae at the Newport Chemical Depot,

101-102

Catfishes at the Newport Chemical Depot, 115, 119

Catostomidae at the Newport Chemical Depot,

115, 119

CatOStornus commerson i

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122
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Celtis occidentalism subdominant in Ginn Woods,

1.5,9

Central mudminnow, 162

new county record for Tippecanoe County, 156

seed population of, 160

Central stoneroller

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 162

in Buck Creek, 122

Central Till Plain Natural Region, location of Ginn

Woods, 3, 18

Centrarchidae at the Newport Chemical Depot,

115, 120

Cervidae at the Newport Chemical Depot, 102

Chaffinch, role of plumage coloration in, 181-1 82,

192

Channel darter, 161, 162

Channel mimic shiner, 160

Channel shiner, 160

new county record for Tippecanoe County, 156

Charophytes at Saugany Lake, 127, 128, 130

Checklist

amphibians at the Newport Chemical Depot,

106

aquatic vascular plants at Saugany Lake, 134

charophytes at Saugany Lake, 134

fishes at the Newport Chemical Depot, 1 17

fishes of Tippecanoe County, 157

mammals at the Newport Chemical Depot, 93

plant species growing in Ginn Woods, 33

reptiles at the Newport Chemical Depot, 106

Chelydra serpentina at the Newport Chemical

Depot, 105, 111

Chelydridae at the Newport Chemical Depot, 1 1

1

Chipmunk, eastern, at the Newport Chemical

Depot, 101

Chrysemy picta at the Newport Chemical Depot,

111, 112

Chub

creek

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 1 62

in Buck Creek, 122

gravel, in Tippecanoe County, 1 62

homyhead, in Tippecanoe County, 152, 162

silver, 160

new county record for Tippecanoe County,

156

speckled, in Tippecanoe County, 1 62

streamline, new county record for Tippecanoe

County, 156

Chubsucker, creek

in Buck Creek, 121, 122

in Tippecanoe County, 162

Classified forest, Ginn Woods designated a, 2, 19

Clay County

new county record for the western harvest

mouse in, 169

western harvest mouse in, 167

Clonophis kirtlandii, 112

state endangered species, 107

Clupeidae at the Newport Chemical Depot, 115,

119

Coal

Bell, 73

Buffaloville, 73

Colchester, 71,73

Davis, 73

Devoken, 73

French Lick, 73

Lower Block, 73

Mariah Hill, 73

Pinnack, 73

Seelyvile, 71,73

Coefficient of conservatism

for Saugany Lake, 123, 127, 129

use of charophytes when calculating, 130

use of exotics when calculating, 130

Colaptes auratus, role of plumage coloration in,

181

Colchester Coal

lies above the Seelyville Coal, 73

should mark the top of the Raccoon Creek

Group, 71,73

Coluber constrictor at the Newport Chemical

Depot, 111, 112

Colubridae at the Newport Chemical Depot, 1 1

1

Committee on Biodiversity and Conservation,

91, 105, 115

Common carp

at the Newport Chemical Depot, 1 19

in Buck Creek, 122

near the Newport Chemical Depot, 1 1

8

Common snakes at the Newport Chemical Depot,

111

Common white sucker

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

Composition of the overstory in Ginn Woods, 4

Conservation Reserve Program, 144

Cope's gray tree frog at the Newport Chemical

Depot, 109

Copperhead Cave, 98

Cottidae at the Newport Chemical Depot, 115, 120

Cottontail, eastern, at the Newport Chemical Depot,

102

Cottus bairdi

at the Newport Chemical Depot, 115, 120, 122

disappearance from Calumet Harbor, 66

County records, new

badger, 148

fishes in Tippecanoe County, 151, 156
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plant species in Ginn Woods, Delaware County,

23

western harvest mouse, 169

Coyote, 149

at the Newport Chemical Depot, 102

Creek chub

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 162

in Buck Creek, 122

Creek chubsucker

in Buck Creek, 121, 122

in Tippecanoe County, 162

Cricket frog at the Newport Chemical Depot, 109

Crooked Lake, Noble County

characteristics of, 86

study of the respiration of Lampsilis siliquoidea

in, 86

Cryptotis parva, 102

Ctenopharyngodon idella, 164

established in the Mississippi and Ohio River

systems, 62

habitat requirements, 62

history of its spread in the United States, 62-63

new exotic species in the Lake Michigan

drainage of Indiana, 6 1 , 62

Cydeptus elongatus in Tippecanoe County, 151,

162

Cyperaceae at Saugany Lake, 123, 128

Cyprinella

spiloptera at the Newport Chemical Depot, 1 19

whipplei in Tippecanoe County, 151, 164

Cyprinidae at the Newport Chemical Depot, 115,

119

Cyprinus carpio

at the Newport Chemical Depot, 119

in Buck Creek, 122

near the Newport Chemical Depot, 118

one of the first two exotic fishes to become

established in Indiana, 62

Dace

black-nosed (or blacknose)

at the Newport Chemical Depot, 1 15, 1 19

in Buck Creek, 122

red-bellied (or redbelly)

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

southern redbelly, 1 60

new county record for Tippecanoe County,

156

Darter

blackside, in Tippecanoe County, 156

bluebreast

in Tippecanoe County, 160, 161, 163

state endangered species, 164

channel. 161, 162

dusky, 164

new county record for Tippecanoe County,

156

eastern sand, 161

state species of special concern, 1 64

fantail

at the Newport Chemical Depot, 1 20

in Buck Creek, 122

near the Newport Chemical Depot, 1 1

8

greenside, at the Newport Chemical Depot, 1 20

johnny

at the Newport Chemical Depot, 119, 120

in Buck Creek, 122

least, 161, 162

orangethroat

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

river, new county record for Tippecanoe

County, 156

slenderhead, new county record for Tippecanoe

County, 156

Tippecanoe, 164

Darters at the Newport Chemical Depot, 115,

119-120

Davis Coal of Kentucky

beds, 73

Seelyville Coal lies above the top of, 73

top of the Raccoon Creek Group in Kentucky,

73

Davis-Purdue Research Forest

comparison to Ginn Woods, 12

identified as a lowland depressional forest, 13

Deam, Charles C, at Ginn Woods, 3, 19

Deer, white-tailed, at the Newport Chemical Depot,

102

Deer mouse at the Newport Chemical Depot, 100

Dekay's snake at the Newport Chemical Depot, 1 1

1

Delaware County, Ginn Woods, 1,17

Departmentof Defense, 91, 105, 115

Devoken Coal of Kentucky, 73

Diadophis punctatus at the Newport Chemical

Depot, 112

Didelphidae at the Newport Chemical Depot, 97

Didelphis virginiania at the Newport Chemical

Depot, 97

Dipodidae at the Newport Chemical Depot, 101

Distribution of the Western Harvest Mouse,

Reithrodontomys megalotis, in Indiana, 167

Dorosoma

cepedianum at the Newport Chemical Depot,

119

petenense, new county record for Tippecanoe

County, 151, 156

Dove, mourning, role of plumage coloration in, 194

Dreissena polymorpha

its effect on native freshwater mussels, 85

respiration rate of, 87
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Droste, JohnB., 71

Drum, freshwater, in Tippecanoe County, 162

Dusky darter, 1 64

new county record for Tippecanoe County, 156

East Meadow at Ginn Woods, 22

vegetation of, 25

wettest meadow, 25

Eastern box turtle at the Newport Chemical Depot,

105, 111

Eastern chipmunk at the Newport Chemical Depot,

101

Eastern cottontail at the Newport Chemical Depot,

102

Eastern garter snake at the Newport Chemical

Depot, 1 1

1

Eastern hognose snake at the Newport Chemical

Depot, 112

Eastern milk snake, 1 1

2

Eastern mole at the Newport Chemical Depot, 98

Eastern mud turtle, 112

state endangered species, 107

Eastern newt, 1 1

2

Eastern painted turtle at the Newport Chemical

Depot, 111, 112

Eastern pipistrelle

abundant at Prairie Creek, 1 76

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 100

population variation in, 174

Eastern red bat

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 171

at the Indianapolis International Airport, 171

Eastern ribbon snake at the Newport Chemical

Depot, 112

Eastern sand darter, 1 6

1

state species of special concern, 164

Edaphic conditions

in Ginn Woods, 21

their effect on tree growth in Ginn Woods, 1

1

Edge habitat

composition in Ginn Woods, 29-31

highest diversity habitat in Ginn Woods, 29

Edwards, Dale D., 79

Eel, American, 161

Ejfect of Temperature on the Respiration of the

Freshwater Mussel Lampsilis siliquoidea

(Bivalvia: Unionidae), The, 85

Effects of Color Manipulations on Captive Flocks

ofHouse Finches, 181

Elaphe

obsoleta at the Newport Chemical Depot, 105,

111

vulpina, 1 1

2

Emerald shiner

at the Newport Chemical Depot, 1 1

9

near the Newport Chemical Depot, 1 1

8

Emydidae at the Newport Chemical Depot, 1 1

1

Eptesicusfuscus

at Prairie Creek, 171

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 100

dominant bat species at the Indianapolis

International Airport, 176

population variation in, 174

Erimystax

dissimilis, new county record for Tippecanoe

County, 151, 156

x-punctata in Tippecanoe County, 162

Erimyzon oblongus

in Buck Creek, 121, 122

in Tippecanoe County, 1 62

Esox

americanus vermiculatus in Tippecanoe County,

162

lucius, 161

Etheostoma

blennioides at the Newport Chemical Depot,

120

camuram, 160

in Tippecanoe County, 1 5

1

state endangered species, 116, 151

flabellare

at the Newport Chemical Depot, 1 20

in Buck Creek, 122

near the Newport Chemical Depot, 1 1

8

microperca, 161

nigrum

at the Newport Chemical Depot, 119, 120

in Buck Creek, 122

spectabile

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

tippecanoe, 164

Euhrychiopsis leconteii

caused a population decline in Eurasian water

milfoil, 131-132

in Saugany Lake, 130

native host, 130

Eumeces

fasciatus at the Newport Chemical Depot, 1 1

1

laticeps at the Newport Chemical Depot, 1 1

1

Eurasian water milfoil, 130, 132

Eurycea

bislineata at the Newport Chemical Depot, 109

longicauda, 1 1

2

Evansville Paleovalley, 77

Evening bat

at Prairie Creek, 171

at the Indianapolis International Airport, 171

dominant bat at Prairie Creek, 1 76
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population variation in, 174

roosts at the Indianapolis International Airport,

176

state endangered species, 171, 178

Exotic fish species in the Lake Michigan drainage

of Indiana, 61

Extrariiis aestivalis in Tippecanoe County, 162

Fahey, Jennifer, 181

Fagiis grandifolia

dominant in Ginn Woods, 1, 5, 23

reproducing in pulses in Nixon Woods, 8

reproduction and replacement in North Woods,

5

roost tree for the evening bat, 1 76

second most important species in North Woods,

9

understory dominant in North Woods, 9

Fairfield Basin, 77

Fantail darter

at the Newport Chemical Depot, 1 20

in Buck Creek, 122

near the Newport Chemical Depot, 1 1

8

Farmer's Field at Ginn Woods, 21

disturbed area, 26

drainage of, 23

vegetation of, 26-27

Fatmucket

distribution of, 85-86

temperature, its effect on the respiration of, 85

Felis rufus, state endangered species, 92

Ferns in Ginn Woods, 24, 25

Finch

house

agonistic interactions in, 1 83

covering red plumage results in a change in

status, 181

effect of juvenile plumage, 193

effect of plumage color manipulation on,

181, 192-193, 195

females distinguish a variety of color types,

194

males avoid females during the spring, 192,

193

red color a subordinate badge, 181, 194

western house, behavior during the breeding

season, 190

Fisher, Brant E., 151

Fishes of the Newport Chemical Depot, Vermillion

Count}-, Indiana, 1 1

5

Fishes of Tippecanoe County, The, 1 5

1

Five-lined skink at the Newport Chemical Depot,

111

Flicker, role of plumage coloration in. 181

Flora and Vegetation of Ginn Woods, Ball State

University, Delaware County, Indiana, The, 1

7

Floristic quality index

of Saugany Lake, 123, 127, 129

use of charophytes when calculating, 130

use of exotics when calculating, 130

Fountain County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Four-toed salamander, state endangered species,

107, 112

Fowler's toad at the Newport Chemical Depot, 105,

110

Fox squirrel at the Newport Chemical Depot, 101

Foxes, red and gray, at the Newport Chemical

Depot, 102

Franklin's ground squirrel, 95

Fraxinus

americana

reproducing in pulses in Nixon Woods, 8

subdominant in Ginn Woods, 1, 5, 9

pennsylvanicus, locally dominant in

Ginn Woods, 1,9

South Woods, 7

French Lick Coal, stratigraphic position of, 73

Freshwater drum in Tippecanoe County, 162

Freshwater mussels

currently in decline, 79, 80, 85

distribution, 79

diversity, 79, 85

need for appropriate fish hosts, 83

physiology, 85

reasons for decline, 79, 85

surveys run in Indiana, 80

Freshwater Mussels (Bivalvia: Unionidae) of

Pigeon Creek, a Small Southwestern Indiana

Tributary of the Ohio River, The, 79

Fringilla coelebs, role of plumage coloration in,

181-182, 192

Frog

choruses, 109, 110

Cope's gray tree, at the Newport Chemical

Depot, 109

cricket, at the Newport Chemical Depot, 109

green, at the Newport Chemical Depot. 105,

110

northern crawfish, state endangered species,

107,112

northern leopard, state species of special

concern, 107

pickerel, at the Newport Chemical Depot, 105,

110

plains leopard, state species of special concern,

107

population declines, 1 12

southern leopard, at the Newport Chemical

Depot, 111, 112

tree, at the Newport Chemical Depot, 109
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true, at the Newport Chemical Depot, 1 10

western chorus, at the Newport Chemical

Depot, 105, 109

wood, at the Newport Chemical Depot, 1 1

1

Fulton County

new county record for the western harvest

mouse, 167

western harvest mouse in, 1 69

Fimdiilus notatus in Tippecanoe County, 1 63

Gambiisia affinis, 164

Gar, spotted, 160, 163

new county record for Tippecanoe County, 156

Gastewsteus aculeatus

first record in Lake Michigan, 62

habitat requirements, 66

history of its spread in the United States, 66

non-indigenous species expanding its range in

the Lake Michigan drainage of Indiana, 61

Ghost mimic shiner, 160

Ginn Woods, 1,17

alluvial plain, 22, 29

beech-maple-basswood forest, classified as, 9

canopy gaps, 5, 11, 22, 24

checklist of species at, 33

classified forest, 2

composition and structure of the overstory, 4,

31

creek banks, vegetation of, 29

diversity in, 10

dominant overstory species, 5, 31

drainage of, 22, 23

edaphic conditions, 21

edge habitat, vegetation of, 29-3

1

effect of edaphic conditions on tree growth, 1

1

exotic species at, 31

habitats at, 21, 22

history of its name, 2, 19

map of, 20

marsh habitat, vegetation of, 28

mesic woods, vegetation of, 23-24

most abundant families, 23

new county records, 23

old-growth forest, identified as an, 10-12, 18

overstory sampling, 4

potential for long-term ecological studies, 19

shade intolerant species in, 1, 10

shade tolerant dominants in, 1, 10

soil types at, 3-4, 1

1

species diversity in, 10

subdominant overstory species, 5

topography of, 2

1

understory sampling, 4-5

understory stem density, 8

virgin forest, 3

water table in, 4, 1

1

windfalls, 1

1

Ginn's Woods, history of name, 2, 19

Gizzard shad at the Newport Chemical Depot, 115,

119

Glaciation

Illinoisan, 107

Wisconsinan, 21, 107, 124

Glaucomys volans, 95, 102

Glendale Fish and Wildlife Area, badgers at, 146

Glynwood Soils at Ginn Woods, 3

Goby

round

habitat requirements, 65-66

history of its spread in the United States, 65

new exotic species in the Lake Michigan

drainage of Indiana, 6

1

reported in southern Lake Michigan, 62

tubenose, recorded from southern Lake

Michigan, 62

Golden shiner, hybridizes with the rudd, 65

Goldfish, 164

one of the first two exotic fishes to become

established in Indiana, 62

Grass carp, 164

established in the Mississippi and Ohio River

systems, 62

habitat requirements, 62

history of its spread in the United States, 62-63

new exotic species in the Lake Michigan

drainage of Indiana, 61

Grass pickerel in Tippecanoe County, 162

Gravel chub in Tippecanoe County, 162

Gray squirrel, 103

Green frog at the Newport Chemical Depot, 105,

110

Greenside darter at the Newport Chemical Depot,

120

Green sunfish

at the Newport Chemical Depot, 115, 120

in Buck Creek, 122

Gymnopilus Meadow at Ginn Woods

ferns in, 25

vegetation of, 24-25

Habitat fragmentation, its effect on

bats, 171, 176, 178

birds, 178

Hackett, Eileen, 181

Harelip sucker in Tippecanoe County, 152, 161

Harris' sparrow, role of plumage coloration in, 193

Herbaceous layer, its characteristics in mature

forests in the eastern United States, 19

Hemidactylium scutatum, state endangered species,

107,112

Herrings at the Newport Chemical Depot, 119

Heterodon platirhinos at the Newport Chemical

Depot, 1 1

2
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Hickory, bitternut, roost tree for the evening bat,

176

Hiodon tergisiis in Tippecanoe County, 1 62

Hoary bat

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 98

rare, 177

Homyhead chub in Tippecanoe County, 152, 162

Horowitz, Alan S., 71

House finch

agonistic interactions in, 1 83

covering red plumage results in a change in

status, 181

effect of

juvenile plumage, 193

plumage color manipulation on, 181,

192-193, 195

females distinguish a variety of color types, 194

males avoid females during the spring, 192, 193

red color a subordinate badge, 181, 1 94

House mouse at the Newport Chemical Depot, 101

House sparrow, role of plumage coloration in, 192

Hybognathus michalis in Tippecanoe County, 1 63

Hybrid striped bass, 160

new county record for Tippecanoe County, 156

Hyla chrysoscelis at the Newport Chemical Depot,

109

Hylidae at the Newport Chemical Depot, 1 09

Hypenteliiim nigricans at the Newport Chemical

Depot, 119

Hypopthalmichthys nobilis, 1 64

Ictaluridae at the Newport Chemical Depot, 115,

119

Ictiobus

bubalus in Tippecanoe County, 1 62

niger, 161

Illinois Basin, Raccoon Creek Group in, 71

Indiana bat (also see Indiana myotis)

federally endangered species, 91, 92, 97, 98,

103, 112

maternity colony, 95

roost trees, 98

Indiana Department of Environmental

Management, 124

Indiana Department of Natural Resources, 124, 143

Indiana myotis (also see Indiana bat)

abundance affected by habitat fragmentation,

176

abundant at Prairie Creek, 1 76

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171,

177

federally endangered species, 171, 178

Indiana Natural Heritage Program's data base, 141,

143, 145. 146

Indianapolis International Airport

agreement with the U.S. Fish and Wildlife

Service to preserve bat habitat, 172

bat abundance at, 176

bat habitat characteristics at, 172, 178

bats at, 171

roost sites at the Indianapolis International

Airport, 172, 173, 176

United Airlines Regional Hub Service, 171

Jasper County, western harvest mouse in, 167

Jefferson's salamander, 112

Johnny darter

at the Newport Chemical Depot, 119, 120

in Buck Creek, 122

Johnson, Scott A., 141

Jones, Bobette E., 1

Jumping mouse at the Newport Chemical Depot,

101

Kentucky

Bell Coal, 73

Davis Coal, 73

Devoken Coal, 73

Kieweg Woods, western harvest mouse in, 1 67

Kinosternon subrubrum, 1 12

state endangered species, 107

Kirkland's snake, 1 1

2

state endangered species, 107

Labidesthes sicculus in Tippecanoe County, 1 63

Laborda, Jeffery A., 171

Lagochila lacera in Tippecanoe County, 152

Lake County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Lake Michigan

exotic and non-indigenous fish species in the

Indiana drainage of, 61

new records for exotic and non-indigenous

fishes of the nearshore region and its

tributaries, 63

Lampetra appendix

at the Newport Chemical Depot, 115, 118. 121

in Tippecanoe County, 162

Lamprey, American brook

at the Newport Chemical Depot, 115, 118. 121

in Tippecanoe County. 162

Lampreys at the Newport Chemical Depot. 1 1

8

Lximpropeltis

calligaster at the Newport Chemical Depot. 1 1

2

getulus, 1 1

2

triangulum, 1 1

2

iMmpsilis

siliquoidea

absent from Pigeon Creek. 79. 82. 83
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distribution of, 85-86

physiology of, 86

temperature, its effect on the respiration of,

85

teres

absent from Pigeon Creek, 79, 82

fish hosts, 83

intolerant of pollution, 82

ventricosa, respiration rate of, 87

Largemouth bass at the Newport Chemical Depot,

115, 120

Lasionycteris noctivagans

at Prairie Creek, 171, 174, 175

at the Newport Chemical Depot, 100

Lasiunis

borealis

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

at the Newport Chemical Depot, 98

cinereus

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

at the Newport Chemical Depot, 98

rare, 177

Lasmigona complanata

associated with degraded habitats, 83

inPigeonCreek, 79, 81

Least darter, 161, 162

Least shrew, 102

Least weasel, 103

Leibacher, Brian, 167

Lemnaceae at Saugany Lake, 123, 128

Lenawee Soils at Ginn Woods, 3-4

Lepisosteus oculatus, new county record for

Tippecanoe County, 151, 156

Lepomis

cyanellus

at the Newport Chemical Depot, 115, 120

in Buck Creek, 122

gulosus, 161

at the Newport Chemical Depot, 1 1 8, 120,

121

macrochirus at the Newport Chemical Depot,

120

microlophus, new county record for Tippecanoe

County, 151, 156

Leporidae at the Newport Chemical Depot, 1 02

Leptodea fragilis

associated with degraded habitats, 83

in Pigeon Creek, 79

most common unionid in Pigeon Creek, 81

Lily Meadow at Ginn Woods, 22

ferns in, 25

vegetation of, 25

Lindera benzoin, understory dominant in Ginn

Woods, 9

Liriodendron tulipifera, subdominant in Ginn

Woods, 9

Little brown bat (also little brown myotis)

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 100

population variation in, 1 74

Logperch (or log perch)

at the Newport Chemical Depot, 120

disappearance from Calumet Harbor, 66

Longtail salamander, 112

Long-tailed weasel at the Newport Chemical Depot,

102

Lota lota, 161

Lower Block Coal, base separates the Brazil

Formation above from the Mansfield Formation

below, 73

Luxilus chrysocephalus at the Newport Chemical

Depot, 119

Lynx rufus, 103

Lythrurus umbratilis

at the Newport Chemical Depot, 119, 120

in Tippecanoe County, 1 62

Macrhybopsis storeriana, new county record for

Tippecanoe County, 151, 156

Madtom

bridled, 119

mountain, new county record for Tippecanoe

County, 156

tadpole, in Tippecanoe County, 160, 161, 163

Maki, Mehssa, 181

Mammals, checklist for the Newport Chemical

Depot, 93

Mammals of the Newport Chemical Depot,

Vermillion County, Indiana, 91

Mansfield Formation, 73

correlation with the Caseyville Formation of

Kentucky and Illinois, 77

lowest formation in the Raccoon Creek Group,

71

separated from the Brazil Formation above by

the base of the Lower Block Coal, 73

subdivisions, 73

Marbled salamander, 1 1

2

Mariah Hill Coal, 73

Marmota monax at the Newport Chemical Depot,

101

Marshall County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Martin, purple, role of plumage coloration in, 194

McCourt,Amy, 181
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\

Meadow jumping mouse at the Newport Chemical

Depot, 101

Meadow vole at the Newport Chemical Depot, 101

Mephitidae at the Newport Chemical Depot, 102

Mephitis mephitis at the Newport Chemical Depot,

102

Microptems

dolomieu, 62

punctulatus in Tippecanoe County, 151, 1 60

salmoides at the Newport Chemical Depot, 1 15,

120

Microtus

maniculatus at the Newport Chemical Depot,

100

ochrogaster at the Newport Chemical Depot,

100

pennsylvanicus at the Newport Chemical Depot,

101

pinetorum, 102

Milfoil, northern water, native host of the milfoil

weevil, 130

Milfoil weevil in Saugany Lake, 130

caused a population decline in Eurasian water

milfoil, 130-132

native host, 130

Mimic shiner, subspecies of, 160

Mink, 103

Minnow

bluntnose

at the Newport Chemical Depot, 115, 119,

120

common in Tippecanoe County, 1 62

in Buck Creek, 122

bullhead, in Tippecanoe County, 162, 164

Mississippi silvery, in Tippecanoe County, 163

pugnose, 161, 162

silverjaw

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

suckermouth, at the Newport Chemical Depot,

119

Minnows at the Newport Chemical Depot, 115, 119

Misgurmis anguillicaudatiis recorded in the streams

of northeastern Illinois, 62

Mississippi silvery minnow in Tippecanoe County,

163

Mole, eastern, at the Newport Chemical Depot, 98

Moles at the Newport Chemical Depot, 98

Mooneye in Tippecanoe County, 162

Morone

americana

habitat requirements, 67

history of its spread in the United States,

66-67

non-indigenous species expanding its range

in the Lake Michigan drainage of

Indiana. 61

chrysops

hybridizes with Morone saxatilis, 67

X Morone saxatilis, new county record for

Tippecanoe County, 151, 1 56

saxatilis

habitat requirements, 67

history of its spread in the United States, 67

hybridizes with Morone chrysops, 67

non-indigenous species expanding its range

in the Lake Michigan drainage of

Indiana, 61

Mosquitofish, western, 164

Motded sculpin

at the Newport Chemical Depot, 115, 120, 122

disappearance from Calumet Harbor, 66

Mountain madtom, new county record for

Tippecanoe County, 1 56

Mourning dove, role of plumage coloration in, 194

Mouse

deer, 100

house, 101

meadow jumping, 101

western harvest

dispersal routes in Indiana, 1 70

distribution in

Illinois, 167, 170

Indiana, 167, 170

ectoparasites of, 1 70

primary habitat of, 168, 169

state species of special concern, 91, 97, 100,

103, 167

status should be reevaluated, 1 70

white-footed, 100

Mouse-eared bats at the Newport Chemical Depot,

98-99

Moxostoma

carinatum in Tippecanoe County, 152

valenciennesi, state species of special concern,

116

Moy, Philip B., 61

Mudminnow, central, 162

new county record for Tippecanoe County, 156

seed population of, 160

Mudpuppy, state species of special concern, 107,

112

Muridae at the Newport Chemical Depot, 100-101

Murinae at the Newport Chemical Depot, 101

Mus musculus at the Newport Chemical Depot, 101

Muskrat at the Newport Chemical Depot, 101

Mustela

frenata at the Newport Chemical Depot, 1 02

nivalis, 103

vison, 103

Mustelidae at the Newport Chemical Depot, 102

Myers-Kinzie, Melody, 85
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Myotis

Indiana (also see Indiana bat)

abundance affected by habitat

fragmentation, 176

abundant at Prairie Creek, 1 76

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171, 177

federally endangered species, 171, 178

population variation in, 174

roost sites at the Indianapolis International

Airport, 172, 173, 176

little brown (also see bat, little brown)

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

population variation in, 174

northern, 95, 98

abundance affected by habitat

fragmentation, 176

abundant at Prairie Creek, 1 76

at Prairie Creek, 171

at the Indianapolis International Airport,

171

maternity colony, 95

population variation in, 174

roosts at the Indianapolis International

Airport, 176, 177

Myotis

lucifugus

abundant at the Indianapolis International

Airport, 177

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171

at the Newport Chemical Depot, 100

population variation in, 174

septentrionalis

abundance affected by habitat

fragmentation, 176

abundant at Prairie Creek, 176

at Prairie Creek, 171

at the Indianapolis International Airport,

171

maternity colony, 95, 98

most abundant bat at the Newport Chemical

Depot, 98

population variation in, 174

roosts at the Indianapolis International

Airport, 176, 177

sodalis

abundance affected by habitat

fragmentation, 176

abundant at Prairie Creek, 1 76

at Prairie Creek, 1 7

1

at the Indianapolis International Airport,

171, 177

federally endangered species, 91, 92, 97, 98,

103, 171, 178

maternity colony, 95

population variation in, 174

roost sites at the Indianapolis International

Airport, 172, 173, 176

roost trees at the Newport Chemical Depot,

98

Myriophyllum

sibiricum, native host of the milfoil weevil, 1 30

spicatum at Saugany Lake, 1 28

Natural Regions of Indiana, their delineation, 19

Necturus maculosus, state species of special

concern, 107, 112

Neogobius melanostomus

habitat requirements, 65-66

history of its spread in the United States, 65

new exotic species in the Lake Michigan

drainage of Indiana, 6

1

reported in southern Lake Michigan, 62

Nerodea sipedon at the Newport Chemical Depot,

105,111

New Distribution Recordsfor Exotic and Non-

Indigenous Fish Species in the Lake Michigan

Drainage, Indiana, 61

Newport Army Ammunition Plant, 115

Newport Chemical Depot

amphibians of, 105

bats of, 92

checklist of the

amphibians, 106

fishes, 117

mammals, 93-94

reptiles 106

fish, well-established species at, 120

fishes of, 115

mammals of, 9

1

reptiles of, 105

streams in, 108, 116, 118

vegetation of, 108, 115

Newt, eastern, 112

Newton County, western harvest mouse in, 167

New World mice at the Newport Chemical Depot,

100

Nixon Woods

dominants in, 7

part of Ginn Woods, 3, 21

subdominants in, 7-8

tree species reproduction in, 8

Ulmus rubra and Acer saccharum have high

understory densities, 8

understory stem density highest in, 8

wet areas in, 21
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Noble County, study of the respiration of Lampsilis

siliquoidea in Crooked Lake, 86

Nocomis higuttatus in Tippecanoe County, 1 52

Non-indigenous fish species in the Lake Michigan

drainage of Indiana, 61

Northeast Morainal Natural Region, badgers in, 146

Northern crawfish frog, state endangered species,

107

Northern hog sucker at the Newport Chemical

Depot, 119

Northern leopard frog, state species of special

concern, 107

Northern mimic shiner, 160

Northern myotis, 95

abundance affected by habitat fragmentation,

176

abundant at Prairie Creek, 176

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171

maternity colony, 95, 98

most abundant bat at the Newport Chemical

Depot, 98

population variation in, 174

roosts at the Indianapolis International Airport,

176, 177

Northern pike, 161

Northern redbellied snake, 112

Northern ringneck snake at the Newport Chemical

Depot, 112

Northern water milfoil, native host of the milfoil

weevil, 130

Northern water snake at the Newport Chemical

Depot, 105, 111

Northwest Tall Grass Prairie Natural Region,

badgers in, 146

North Woods

Acer saccharum and Fagus grandifolia

reproducing well, 5

Fagus grandifolia, understory dominant, 9

part of Ginn Woods, 2, 19

Qiiercus rubra not replacing itself, 5

Tilia americana and Ulmus rubra reproducing

in pulses, 5

understory stem density, 8

Norway rat, 102

Notophthabnus viridescens, 1 1

2

Notropis

ariommus

extirpated in Indiana, 116

state endangered species, 1 16

atherinoides

at the Newport Chemical Depot, 1 19

near the Newport Chemical Depot, 1 1

8

buccatus

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

dorsalis, 161

stramineus at the Newport Chemical Depot, 1 19

volucellus, subspecies of,

N. V. buchanani, 160

N. V. volucellus, 160

N. V. wicklijfi, 160

wicklijfi, new county record for Tippecanoe

County, 151, 156

Noturus

eleutherus, a new county record for Tippecanoe

County, 151, 156

gyrinus in Tippecanoe County, 160

miurus, 1 1

9

Nuphar advena at Saugany Lake, 1 28

Nycticeius humeralis

at Prairie Creek, 171

at the Indianapolis International Airport, 171

dominant bat at Prairie Creek, 176

population variation in, 174

roosts at the Indianapolis International Airport,

176

state endangered species, 92, 171, 178

Nymphaea odorata at Saugany Lake, 128

Oak, white, roost tree for the evening bat, 176

Odocoileus virginianus at the Newport Chemical

Depot, 102

Old-growth forest, 1

criteria for identifying, 1 -2

Davis-Purdue Research Forest identified as an,

12

Ginn Woods identified as an, 10-12, 18

list for Indiana, 13

Old World mice at the Newport Chemical Depot,

101

Oncorhynchus

kisutch, 62

mykiss, 62

tschawytscha, 62

Ondatra zibethicus at the Newport Chemical Depot,

101

Ontario-Erie Lobe of the Wisconsinan ice sheet, its

effect on Ginn Woods, 21

Opheodrys aestivus, 1 1

2

state species of special concern, 107

Opossum at the Newport Chemical Depot, 97

Opsopoeodus emiliae, 161

Orangethroat darter

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

Oriental weatherfish. recorded in the streams of

northeastern Illinois, 62

Otter Creek, fishes of, 1 22

Overstory at Ginn Woods

dominants in, 5

dominated by shade tolerant species, 10

of Nixon Woods, 7



214 Index Vol. 107 (1998)

of North Woods, 5

of South Woods, 5, 7

sampling. 4

structure and composition, 4

subdominants in, 5

Paddlefish in Tippecanoe County, 163

Parke County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Peeper, spring, at the Newport Chemical Depot,

105, 109

Percea flavescens, 62, 161

Perch

log (also see logperch), at the Newport

Chemical Depot, 120

white

habitat requirements, 67

history of its spread in the United States,

66-67

non-indigenous species expanding its range

in the Lake Michigan drainage of

Indiana, 61

yellow, 62, 161

Perch at the Newport Chemical Depot, 1 19-120

Percidae at the Newport Chemical Depot, 115,

119-120

Percina

caprodes

at the Newport Chemical Depot, 1 20

disappearance from Calumet Harbor, 66

copelandi, 161

phoxocephala, new county record for

Tippecanoe County, 151, 156

sclera, new county record for Tippecanoe

County, 151, 156

shumardi, new county record for Tippecanoe

County, 151, 156

Peromyscus

leucopus at the Newport Chemical Depot, 1 00

maniculatus at the Newport Chemical Depot,

100

Perth Limestone, bottom of the Staunton

Formation, 73

Petromyzontidae at the Newport Chemical Depot,

115, 118

Pewamo Silty Clay Loam, 21

Phenacobius mirahilis at the Newport Chemical

Depot, 119

Phoxinus erythrogaster

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

new county record for Tippecanoe County, 151,

156

Pickerel, grass, in Tippecanoe County, 162

Pickerel frog at the Newport Chemical Depot, 105,

110

Pigeon Creek, Warrick and Vanderburgh Counties,

80-81

characteristics of, 80-81

unionid mussels of, 79

water quality of, 8 1 , 82

Pigeon Creek Greenway Passage, 81

Pike, northern, 161

Pimephales

notatus

at the Newport Chemical Depot, 115, 119,

120

common in Tippecanoe County, 1 62

in Buck Creek, 122

vigilax in Tippecanoe County, 151, 1 62

Pine vole, 102

Pinnick Coal, stratigraphic position of, 73

Pipistrelle, eastern

abundant at Prairie Creek, 176

at Prairie Creek, 171

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 100

population variation in, 174

Pipstrellus subflavus

abundant at Prairie Creek, 176

at Prairie Creek, 1 7

1

at the Indianapolis International Airport, 171

at the Newport Chemical Depot, 100

population variation in, 174

Plains leopard frog, state species of special concern,

107

Plant species diversity in Ginn Woods, 17

Platanus occidentalis, locally dominant in

Ginn Woods, 1,9

South Woods, 7

Plethodon

cinereus at the Newport Chemical Depot, 1 09

dorsalis, 112

glutinosus at the Newport Chemical Depot, 109,

112

Plethodontidae at the Newport Chemical Depot,

109

Ploceus cucullatus, role of plumage coloration in,

194

Plumage coloration, role of, in the

charfmch {Fringilla coelebs), 181-182

flicker {Colaptes auratus), 181

Harris' sparrow {Zonothchia querula), 193

house finch {Carpodacus mexicanus), 1 82- 1 83

house sparrow, 192

mourning dove (Zenaidura macroura), 194

purple martin {Progne subis), 194

red-winged blackbird {Agelaius phoeniceus),

194

village weaverbird {Ploceus cucullatus), 194

western house finch, 190

white-crowned sparrow {Zonotrichia

leucophyrys), 193, 194, 195
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Plumage color manipulation, its effect in house

finches, 182, 192-193, 195

Polygonum hydropiperoides, state-listed species at

Saugany Lake, 128

Polyodon spathula in Tippecanoe County, 163

Populus deltoides

locally dominant in

Ginn Woods, 1 , 9

South Woods, 7

stand separates North Woods from Wesley Wet

Area at Ginn Woods, 21

Potamogeton

crispus, nonnative at Saugany Lake, 1 28

praelongus

population growth aided by the presence of

the milfoil weevil, 131

state endangered species at Saugany Lake,

128

pusillus, state-listed species at Saugany Lake,

128

vaseyi, state-listed species at Saugany Lake,

128

zosterfonnis at Saugany Lake, 128

Potamogetonaceae at Saugany Lake, 123, 128

Prairie Creek, Vigo County, bats at, 171

bat abundance at, 176

bat habitat characteristics at, 172, 178

Prairie king snake at the Newport Chemical Depot,

112

Prairie vole at the Newport Chemical Depot, 100

Pre-settlement forest in east-central Indiana, 19

Procyonidae at the Newport Chemical Depot, 102

Procyon lotor at the Newport Chemical Depot, 102

Progne siibis, role of plumage coloration in, 194

Prohibition of Chemical Weapons Treaty, 103, 105,

115

Proterirhinus marmoratus recorded from southern

Lake Michigan, 62

Prunus serotina, subdominant in Ginn Woods, 1 , 9

Pseiidacris

crucifer at the Newport Chemical Depot, 105,

109

triseriata at the Newport Chemical Depot, 105,

109

Pugnose minnow, 161. 162

Pulaski County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Purdue-Baker Wildlife Area, 162

Purple martin, role of plumage coloration in, 194

Pyganodon

cataracta, the effect of temperature on the

respiration of, 87

grandis

associated with degraded habitats, 83

in Pigeon Creek, 82

Qw^ 85

Qiiadriila qiiadnda

in Pigeon Creek, 79, 82

most common unionid in Pigeon Creek, 81

Quercus

alba, roost tree for the evening bat, 176

hicolor, found at West Vernal Pool in Ginn

Woods, 21

rubra

failing to reproduce in

Nixon Woods, 8

North Woods, 5

subdominant in Ginn Woods, 1, 5, 9

shumardii, lumped with Q. rubra when

analyzing Ginn Woods, 5

Raccoon at the Newport Chemical Depot, 102

Raccoon Creek Group

Colchester Coal should mark the top of, 71, 73,

77

Mansfield Formation, lowest formation in, 71

SeelyvilleCoal, 71

Raccoon Creek Group (Pennsylvanian) in the

Subsurface of the Illinois Basin, The, 71

Racer, black, at the Newport Chemical Depot, 111,

112

Rana

areolata, state endangered species, 107, 112

blairi, state species of special concern, 107

catesbeiana at the Newport Chemical Depot,

111

clamitans at the Newport Chemical Depot, 105,

110

palustris at the Newport Chemical Depot, 105,

110

pipiens, state species of special concern, 1 07

sylvatica at the Newport Chemical Depot, 1 1

1

urtricularia at the Newport Chemical Depot,

111, 112

Range Expansion of the Badger (Taxidea taxus) in

Indiana, 141

Ranidae at the Newport Chemical Depot, 1 10

Rattus novegicus, 102

Red-backed salamander at the Newport Chemical

Depot, 109

Red bat at the Newport Chemical Depot, 98

Red-bellied (or redbelly) dace

at the Newport Chemical Depot, 115. 119

in Buck Creek, 122

Redear sunfish, 160, 162. 163

new county record for Tippecanoe County, 156

Redfin shiner

at the Newport Chemical Depot, 119, 120

in Tippecanoe County, 162

Redhorse, river

in Tippecanoe County, 152

state species of special concern. 1 64
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Red-winged blackbird, role of plumage coloration

in, 194

Reithrodontomys megalotis

dispersal routes in Indiana, 170

distribution in

Illinois, 167. 170

Indiana. 167, 170

ectoparasites of, 1 70

primary habitat of, 168, 169

state species of special concern, 91, 97, 103,

167

status should be reevaluated, 170

Reptiles, checklist for the Newport Chemical

Depot, 106

Reptiles and Amphibians of the Newport Chemical

Depot, Vermillion County, Indiana, 105

Rhinichthys atratulus

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

River darter, new county record for Tippecanoe

County, 156

River redhorse

in Tippecanoe County, 152

state species of special concern, 164

Robinson, Heather, 181

Rough green snake, 112

state species of special concern, 107

Round goby

habitat requirements, 65-66

history of its spread in the United States, 65

new exotic species in the Lake Michigan

drainage of Indiana, 61

reported in southern Lake Michigan, 62

Ruch, Donald J., 1, 17

Rudd

habitat requirements, 65

history of its spread in the United States, 65

hybridizes with the golden shiner, 65

new exotic species in the Lake Michigan

drainage of Indiana, 61

Rumex crispus, nonnative at Saugany Lake, 128

Salamander

four-toed salamander, state endangered species,

107, 112

Jefferson's, 1 12

longtail, 1 12

lungless. at the Newport Chemical Depot, 109

marbled, 1 12

mole, at the Newport Chemical Depot, 109

red-backed, at the Newport Chemical Depot,

109

slimy, at the Newport Chemical Depot, 109, 1 12

small-mouth, at the Newport Chemical Depot,

105, 109

spotted, 1 1

2

tiger, 109, 112

two-lined, at the Newport Chemical Depot, 109

zig-zag, 112

Salix nigra, separates Small Field from Wesley Wet

Area at Ginn Woods, 2

1

Salvelinus namaycush, 62

Sand shiner at the Newport Chemical Depot, 1 19

Saugany Lake, LaPorte County, 123

age of, 1 24

checklist of the aquatic vascular plants and

charophytes in, 1 34

coefficient of conservatism for, 123, 127, 129,

130

defined as a Class One lake, 1 24

emergent vegetation of, 125, 128

floristic quality index for, 123, 127, 129, 130

least disturbed areas in, 129

location, 124, 125

most disturbed areas in, 129

ranking aquatic plant coverage at, 126-127

road salt intrusion at, 1 24

soils surrounding, 1 24

species richness at, 1 29

state endangered species at, 1 28

state-listed species at, 1 28

water quality at, 124

Sanger in Tippecanoe County, 162

Scalopus aquaticus at the Newport Chemical

Depot, 98

Scaphirhychus platorynchus in Tippecanoe County,

162

Scardinius erythrophthalmus

habitat requirements, 65

history of its spread in the United States, 65

hybridizes with the golden shiner, 65

new exotic species in the Lake Michigan

drainage of Indiana, 61

Schoultz, Ashleigh, 1, 17

Scincidae at the Newport Chemical Depot, 1 1

1

Sciuridae at the Newport Chemical Depot, 101

Sciurus

carolinensis, 103

niger at the Newport Chemical Depot, 101

Scribailo, Robin W., 123

Sculpin, mottled

at the Newport Chemical Depot, 115, 120, 122

disappearance from Calumet Harbor, 66

Sculpins at the Newport Chemical Depot, 120

Seelyville Coal, 71

lies above the top of the Davis Coal, 73

lies below the Colchester Coal, 73

recommended as the top of the Raccoon Creek

Group by the Tri-State Committee on

Correlation in the Pennsylvanian System,

71-72

Semotilus atromaculatus

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 162

in Buck Creek, 1 22
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Shad

gizzard, at the Newport Chemical Depot, 115,

119

threadfin, 160, 163

new county record for Tippecanoe County,

156

Shade intolerant species in Ginn Woods, 1,10

Shade tolerant dominants in Ginn Woods, 1,10

Shiner

bigmouth, 161, 162

channel, 160

new county record for Tippecanoe County,

156

channel mimic, 160

emerald

at the Newport Chemical Depot, 1 1

9

near the Newport Chemical Depot, 1 1

8

ghost mimic, 160

golden, hybridizes with the rudd, 65

mimic, subspecies of, 160

northern mimic, 160

redfin

at the Newport Chemical Depot, 119, 120

in Tippecanoe County, 162

sand, at the Newport Chemical Depot, 1 1

9

spotfin, at the Newport Chemical Depot, 1 19

steelcolor, in Tippecanoe County, 164

striped, at the Newport Chemical Depot, 1 1

9

Short-tailed shrew at the Newport Chemical Depot,

97

Shovelnose sturgeon in Tippecanoe County, 162

Shrew, 97-98

least, 98

masked, at the Newport Chemical Depot, 98

short-tailed, at the Newport Chemical Depot,

97,98

southeastern, 98

Sigmodontinae at the Newport Chemical Depot,

100

Silver chub, 160

new county record for Tippecanoe County, 156

Silver-haired bat

at Prairie Creek, 171, 174, 175

at the Newport Chemical Depot, 100

Silverjaw minnow, 115. 119

in Buck Creek, 122

Silverside, brook, in Tippecanoe County, 163

Simon, Thomas P., 61

Skink

broad headed, at the Newport Chemical Depot,

111

five-lined, at the Newport Chemical Depot, 1 1

1

striped, at the Newport Chemical Depot, 102

Skinks at the Newport Chemical Depot, 1 1

1

Slenderhead darter, new county record for

Tippecanoe County. 1 56

Slimy salamander at the Newport Chemical Depot,

109, 112

Small Field at Ginn Woods, 21

drainage of, 27

separated from Wesley Wet Area by a stand of

Salix nigra, 2 1

vegetation of, 27

Smallmouth bass, 62

Smallmouth buffalo in Tippecanoe County, 162

Small-mouth salamander at the Newport Chemical

Depot, 105, 109

Snake

black king, 112

black rat, at the Newport Chemical Depot, 105,

111

Dekay's, at the Newport Chemical Depot, 1 1

1

eastern garter, at the Newport Chemical Depot,

eastern hognose, at the Newport Chemical

Depot, 112

eastern milk, 112

eastern ribbon, 1 1

2

Kirkland's, 112

state endangered species, 107

northern redbellied, 112

northern ringneck, at the Newport Chemical

Depot, 112

northern water, at the Newport Chemical Depot,

105, 111

prairie king, at the Newport Chemical Depot,

112

rough green, 1 1

2

state species of special concern, 107

western fox, 112

western ribbon, 112

state species of special concern, 107

worm, at the Newport Chemical Depot, 112

Snakes, common, at the Newport Chemical Depot,

111

Snapping turtle at the Newport Chemical Depot,

105, 111

Soils types at Ginn Woods, 3-4

Sorex longirostris, 1 02

Soricidae at the Newport Chemical Depot, 97

Southern leopard frog at the Newport Chemical

Depot, 111, 112

South Vernal Pool at Ginn Woods

drainage of, 28

vegetation of, 28

South Woods, part of Ginn Woods. 2. 19

Acer

riibrum, locally abundant. 7

sacchariniim. locally abundant. 7

Carya laciniosa, locally abundant. 7

elevation, 7

Fraxinus pennsylvanica, locally abundant. 7

Platamis occidentalis, locally abundant, 7
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Popuhis deltoides. locally abundant, 7

soil moisture. 7

understory stem density, 8

wet areas in, 2

1

Southern bog lemming at the Newport Chemical

Depot, 101

Southern flying squirrel, 95, 102

Southern Pond at Ginn Woods, 22

vegetation of, 27

Southern redbelly dace, 160

new county record for Tippecanoe County, 156

Southern shrew, 102

Spacie, Anne, 151

Sparks, Dale W., 171

Sparrow

Harris', role of plumage coloration in, 193

house, role of plumage coloration in, 192

white-crowned, role of plumage coloration in,

193, 194

Species diversity (plants) in Ginn Woods, 17

Speckled chub in Tippecanoe County, 162

Spermophilus

franklinii, 95

tridecemlineatus, 95, 103, 149

Spotfm shiner at the Newport Chemical Depot, 119

Spotted bass in Tippecanoe County, 160, 164

Spotted gar, 160, 163

new county record for Tippecanoe County, 156

Spotted salamander, 1 1

2

Spring peeper at the Newport Chemical Depot, 105,

109

Squirrel

fox, 101

Franklin's ground, 95

gray, 103

southern flying, 95, 102

thirteen-lined ground, 95, 103, 149

Stafford, Jody, 181

Starke County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

State Forester, Charles C. Deam, 19

Staunton Formation, 73

Perth Limestone marks the bottom of, 73

Steelcolor shiner in Tippecanoe County, 164

Stickleback, three-spined

habitat requirements, 66

history of its spread in the United States, 66

first record in Lake Michigan, 62

non-indigenous species expanding its range in

the Lake Michigan drainage of Indiana, 61

Stizostedion

canadense in Tippecanoe County, 162

vitreum in Tippecanoe County, 162

Stoneroller, central

at the Newport Chemical Depot, 115, 119

common in Tippecanoe County, 162

in Buck Creek, 122

Storeria

dekayi at the Newport Chemical Depot, 1 1

1

occipitomaculata, 1 1

2

Streamline chub, new county record for Tippecanoe

County, 156

Striped bass

habitat requirements, 67

history of its spread in the United States, 67

hybridizes with Morone chrysops, 67

non-indigenous species expanding its range in

the Lake Michigan drainage of Indiana, 61

Striped shiner at the Newport Chemical Depot, 1 19

Striped skunk at the Newport Chemical Depot, 102

Structure and Composition of Ginn Woods, an

Old-Growth Forest in East-Central Indiana, 1

Structure of the overstory at Ginn Woods, 4

Sturgeon, shovelnose, in Tippecanoe County, 162

Sucker

blue

in Tippecanoe County, 162, 164

state species of special concern, 164

common white

at the Newport Chemical Depot, 115, 119

in Buck Creek, 122

harelip, in Tippecanoe County, 152, 161

northern bog, at the Newport Chemical Depot,

119

Suckermouth minnow at the Newport Chemical

Depot, 119

Suckers at the Newport Chemical Depot, 115, 119

Sunfish

at the Newport Chemical Depot, 115, 120

green

at the Newport Chemical Depot, 115, 120

in Buck Creek, 122

redear, 160, 162, 163

new county record for Tippecanoe County,

156

Sylvilagus floridanus at the Newport Chemical

Depot, 102

Synaptomys cooperi at the Newport Chemical

Depot, 101

Tadpole madtom in Tippecanoe County, 160, 161,

163

Talpidae at the Newport Chemical Depot, 98

Tamias striatus at the Newport Chemical Depot,

101

Taxidea taxus, 1 03

current distribution in Indiana, 147

distribution, 141

early distribution in Indiana, 141, 143

evidence of reproduction in Indiana, 145
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factors

decreasing population size, 145

favoring range expansion, 146, 149

increasing population size, 145

home ranges, 1 46

new county records in Indiana, 1 48

no longer endangered in Indiana, 146

population trends in Indiana, 145

range expansion in Indiana, 141

state endangered species, 92, 143

Taylor, John E., 1

Technical Advisory Committee on Mammals,

Indiana Department of Natural Resources, 91,

105, 115

Terrapene Carolina at the Newport Chemical

Depot, 105, 111

Thamnophis

proximus, 1 1

2

state species of special concern, 107

sauritus at the Newport Chemical Depot, 1 1

2

sirtalis at the Newport Chemical Depot, 1 1

1

Thirteen-lined ground squirrel, 95, 103

range expansion of, 149

Threadfin shad, 160, 163

new county record for Tippecanoe County, 1 56

Three-spine stickleback

first record in Lake Michigan, 62

habitat requirements, 66

history of its spread in the United States, 66

non-indigenous species expanding its range in

the Lake Michigan drainage of Indiana, 61

Tiger salamander, 109, 112

Tilia americana

dominant in Ginn Woods, 1, 5

reproduces in pulses in

Nixon Woods, 8

North Woods, 5

second most dominant species in South and

Nixon Woods, 9

Tippecanoe County, 151

fish species absent, 161

fish species count, 152, 165

fish diversity by site, 163

fish species expected but not found, 161-162

fish surveys, 152

new county fish species' records, 156

physical description, 152-153

recovery of fish diversity, 164

sites where fish were collected, 154-155

water quality, 165

western harvest mouse in, 167

Tippecanoe darter. 164

Tipton Till Plain, 107

Toad

American, at the Newport Chemical Depot,

105, 109

Fowler's, at the Newport Chemical Depot, 105,

110

Toads at the Newport Chemical Depot, 1 09

Topminnow, blackstripe, in Tippecanoe County,

163

Tree frogs at the Newport Chemical Depot, 109

True frogs at the Newport Chemical Depot, 109

Tubenose goby recorded from southern Lake

Michigan, 62

Turtle

eastern box, at the Newport Chemical Depot,

105, 111

eastern mud, 1 1

2

state endangered species, 107

eastern painted, at the Newport Chemical

Depot, 111, 112

snapping, at the Newport Chemical Depot, 105,

111

water, at the Newport Chemical Depot, 1 1

1

Turtles at the Newport Chemical Depot, 1 1

1

Two-lined salamander at the Newport Chemical

Depot, 109

Ulmus

americana, subdominant in Ginn Woods, 5

rubra in Ginn Woods

reproduces in pulses in North Woods, 5

roost tree for the Indiana bat {Myotiis

sodalis), 98

subdominant in the overstory, 1, 5, 9

understory dominant, 8

Umbra limi, new county record for Tippecanoe

County, 151, 156

Understory at Ginn Woods

dominated by shade tolerant species, 8, 10

sampling, 4-5

stem density, 8

Unionidae, 79, 85

Urocyon cinereoargenteus at the Newport Chemical

Depot, 102

U.S. Fish and Wildlife Service, agreement with the

Indianapolis International Airport to preserve

bat habitat, 172

Utricularia vulgaris at Saugany Lake, 1 28

Utterbackia imbecillis, the effect of temperature on

the respiration of, 87

Vanderburgh County, unusual net thickness of

limestone in the Brazil and Mansfield intervals,

73

Veilleux, Jacques Pierre, 91, 105, 115

Vermillion County

amphibians of the Newport Chemical Depot,

105

fishes of the Newport Chemical Depot, 1 15

mammals of the Newport Chemical Depot, 91

reptiles of the Newport Chemical Depot. 105

western harvest mouse in, 167

Vespertilionidae at the Newport Chemical Depot,

98-99
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Vigo County

bats at Prairie Creek, 171

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

Village weaverbirds, role of plumage coloration in,

194

Vincent, Elizabeth Amma, 91, 105, 115

Virgin forest, Ginn Woods designated a, 3, 19

Vole

meadow, 100

muskrat, 100

prairie, 100

Voles at the Newport Chemical Depot, 100-101

Vulpes vulpes at the Newport Chemical Depot, 102

VX nerve agent, 91, 105, 113, 115

disposal of, 103

Walleye in Tippecanoe County, 1 62

Warmouth, 161, 162

at the Newport Chemical Depot, 118, 120, 121

Warren County, western harvest mouse in, 167

Water table at Ginn Woods, 4

effect on tree growth, 1

1

Watt, Doris, 181

Weasel, long-tailed, at the Newport Chemical

Depot, 102

Weatherfish, oriental, recorded in the streams of

northeastern Illinois, 62

Weaverbirds, village, role of plumage coloration in,

194

Weevil, milfoil, in Saugany Lake, 130

caused a population decline in Eurasian water

milfoil, 130-132

native host, 130

Wente, Stephen P., 151

Wesley Wet Area, part of Ginn Woods, 3, 21

Populus deltoides at, 2

1

Salix nigra at, 21

vegetation of, 25-26

Western chorus frog at the Newport Chemical

Depot, 105

Western fox snake, 112

Western harvest mouse

dispersal routes in Indiana, 170

distribution in

Illinois, 167, 170

Indiana, 167, 170

ectoparasites of, 1 70

primary habitat of, 168, 169

state species of special concern, 91, 97, 103,

167

status should be reevaluated, 170

Western house finch, behavior during the breeding

season, 190

Western mosquitofish, 164

Western ribbon snake, 112

state species of special concern, 107

West Vernal Pool at Ginn Woods, 2

1

drainage of, 27

Quercus bicolor at, 2

1

vegetation of, 28

Whitaker, John O., Jr., 91, 105, 115, 167, 171

White County

new county record for the western harvest

mouse, 169

western harvest mouse in, 167

White-crowned sparrow, role of plumage coloration

in, 193, 194

White-footed mouse at the Newport Chemical

Depot, 100

White oak, roost tree for the evening bat, 176

White perch

habitat requirements, 67

history of its spread in the United States, 66-67

non-indigenous species expanding its range in

the Lake Michigan drainage of Indiana, 6

1

White-tailed deer at the Newport Chemical Depot,

102

Willow Slough Fish and Wildlife Area

site of the first discovery of the western harvest

mouse in Indiana, 167

uncut rye field, site of initial colonization, 169

Windfalls in Ginn Woods, 1

1

Wisconsinan glacial period, 21, 107, 124

Woodchuck at the Newport Chemical Depot, 101

Wood frog at the Newport Chemical Depot, 1 1

1

Worm snake at the Newport Chemical Depot, 112

Wrigley Field at Ginn Woods, 2

1

Catalpa speciosa found only in, 27

vegetation of, 27

Yellow bullhead

at the Newport Chemical Depot, 119, 121

in Buck Creek, 121

near the Newport Chemical Depot, 1 1

8

Yellow perch, 62, 161

Zapus hudsonius at the Newport Chemical Depot,

101

Zebra mussel

its effect on native freshwater mussels, 85

respiration rate of, 87

Zenaidura macroura, role of plumage coloration in,

194

Zig-zag salamander, 1 1

2

Zonotrichia

leucophyrys, role of plumage coloration in, 193,

194

querula, role of plumage coloration in, 193
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